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THE  • 

PREFACE 

T    O      T   H   E 

FIRST      EDITION. 

IN  writing  the  Hiftory  and  Prefent  State 
of  Elediricity^  I  flatter  myfelf  that  I  ftiall 
give  pleafure,  as  well  to  perfons  who  have 
a  tafte  fcr  Natural  Philofophy  in  general,  as 
to  electricians  in  particular;  and  1  hope  the 
•work  will  be  of-  fome  advantage  to  the 
fcience  itfelf.  Both  thefe  ends  would  cer- 
tainly be  anfwered  in  a  confiderable  degree, 
were  the  execution  at  all  anfwerable ,  .to  the 
defign. 

The  Hiftory  of  Elearicity  is  a  field  full ' 
of  pleafing  objeifls,  according  to  all  the  ge- 
nuine and  univerfal  principles  of  tafte,  de- 
duced from  a  knowledge  of  human  nature. 
Scenes  like  thefe,  in.  which  we  fee  a  gradual 
rife  and  progrefs  in  things,  always  exhibit  a 
pleafing  fpedaele  to  the  human  mind.  Na- 
ture, in  all  her  delightful  walks,  abounds 
with  fuch  views,  and  they  are  in  a  more 
efpecial  manner  conneded  with  every  thing 
that  relates  to  human  life  and  happinefs ; 
things,  in  their  own  nature,  the  moft  inte- 
refting  to  us.  Hence  it  is,  that  the  power 
of  aflbciation  has  annexed  crouds  ^  pleafing 
fenfations  to  the  contemplation  of  every  ob- 
je£l,  in  which  this  property  is  apparent, 
Vol.  I.  a  This 
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Thib  pleafure,  likewife,  bears  a  confider- 
able  refemblance  to  that  of  the  fublime,  which 
is  one  of  the  moft  exquifitc  of  all'  thofc  that 
aiFeft  the  human  imagination.  For  an  objeft 
in  which  wc  fee  a  perpetual  progrcfs  and  im- 
provement is,  as  it  were,  continually  rifing 
in  its  magnitude;  and  moreover,  when  we 
fee  an  a^ual  increafe,  in  a  long  period  of 
time  part,  wfe  cannot  help  forming  an  idea  of 
an  unlimited  increafe  in  futurity ;  which  is  a 
profpedt  really  boundlefs,  and  fublime. 

The  pleafures  arifing  ft'om  views  exhibited 
in  civilj  natural^  and  philofiphical  hiflory,  are, 
in  certain  refpeds,  different  from  one  an- 
other. Each  has  its  advantages,  and  each  its 
defeats:  and  both  their  advantages  and  de~ 
feds  contribute  to  adapt  them  to  different 
daffes  of  readers. 

Civil  hiftory  prefents  us  with  views  of 
the  ftrongell  pafiions  and  fentiroents  of  the 
human  mind,  into  which  every  man  can  ea(i- 
ly  and  perfe^y  enter,  and  with  fuch  inci- 
dents, refpefting  happinefs  and  mifery,  as  we 
cannot  help  feeling,  would  alarm  and  affe£l 
us  in  a  very  fenfible  ipanner  j  and  therefore, 
we  are  at  prefent  alarmed  and  affe^ed  by 
them  to  a  confiderable  degree.  Hence  the 
^eafure  we  receive  from  civil  hiftory  arifes, 
chiefly  from  the  exercife  it  affords  our  paf- 
fions.  The  imagination  is  only  entertained' 
with  fcenes  which  occafionally  ftart  up,  like 
interludes,  or  epiibdes,  in  the  great  drama, 
te  which  wc  are  principally  attentive.  We 
are  p^efented*  indeed,  with  the  profped  of 
gradual 
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gradual  improTemcDt  daring  the  rife  X3f  great 
empires ;  but,  aa  we  read  on,  we  are  oblig- 
ed to  contemplate  the  difagreeable  reverie. 
Aad  the  hiftory  of  mofl  ftates  prefenta  nothing 
but  a  tedious  uniformity,  without  any  ftrik- 
ing  events,  to  diverfify  and  embellifh  the 
profped.  Befides,  if  a  man  have  any  fenti- 
ment  of  virtue  and  benevolence,  he  cannot 
help  being  Ihocked  with  a  view  of  the  vices 
and  miferies  of  mankind;  which,  though 
they  be  not  all,  are  certainly  the  moft  glar- 
ing and  ftriking  obje^s  in  the  hiftory  of  hu- 
man affairs.  Aa  attention,  indeed,  to  the 
condtift  of  divine  Providence,  which  is  ever 
bringing  good  out  of  evil,  and  gradually 
conducting  things  to  a  more  perfect  and  glo- 
rious ftate,  tends  to  throw  a  more  agreeable 
light  on  the  more  gloomy  parts  of  hiftory; 
but  it  requires  great  ftrength  of  ffiind  to 
compreheDd  thofe  views ;  ind,  itfter  all,  the 
feelings  of  the  heart  too  ofted  overpower  the 
condufions  of  the  head. 

Natural  hiftory  exhibits  s  boundlefa 
variety  of  fcenes,  and  yet  infinitely  ana- 
logous to  one  aiK>ther.  A  naturalift  has, 
confequently,  al(  the  pleafurc  wfarich  tfaf>  eon- 
templatioa  of  uniformity  and  variety  catx^ 
give  the  mind ;  and  this  is  one  of  tb«  moft 
copiotia  (burets  of  our  intelle^ual  pleafures- 
He  is  Hkewife  entetftatned  with  a  profpeA  of 
gradual  improvement,  while  h«  fc^  every 
object;  ill  nature  rifiag  by  doe  degtetfa  to  itn 
maturity  and  perfeftion.  Asd  white  new- 
plants,  Mw  afiimals,  and  new  ib^  are  per- 
a  2  petu^lly 
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petualljr  pouring  in  upon  him,  the  moft  pleaf- 
jng  views  of  the  unbounded  power,  wildom, 
and  goodnefa  of  God  are  conftantly  prefent 
to  his  mind.  But  he  has  no  direft  view  of 
human  fentiments  and  human  anions  ;  which, 
by  means  of  their  endlefs  affociations,  great- 
ly heighten  and  improve  all  the  pleafures  of 
taae. 

The  hiftory  of  philofophy  enjoys,  in  fome 
meafure,  the  advantages  both  of  civil  and 
natural  hiftory,  whereby  it  is  relieved  from 
what  is  moft  tedious  and  difgufting  in  both. 
Philofophy  exhibits  the  powers  of  nature,  dif- 
covered  and  dire'(Sed  by  human  art.  It  has, 
therefore,  in  fome  meafure,  the  boundleft 
variety  with  the  amazing  uniformity  of  the 
one,  and  likcwife  every  thing  that  is  pleafmg 
and  interefting  in  the  other.  And  the  idea 
of  continual  rife  and  improvement  is  confpi- 
cuous  in  the  whole  ftudy,  whether  we  be  at- 
tentive to  the  part  which  nature,  or  that  which 
men  are  afting  in  the  great  fcene. 

It  is  here  that  we  fee  the  human  under- 
ftanding  to  its  greateft  advantage,  grafping 
at  the  nobleft  objefts,  and  increafing  its  own 
powers,  by  acquiring  to  itfelf  the  powers  of 
nature,  and  direifiing  them  to  the  accom- 
plifhmentof  its  own  views;  whereby  the  fe- 
curity,  and  happinefs  of  mankind  are  daily 
improved.  Human  abilities  are  chiefly  con- 
fpicuous  in  adapting  nleans  to  ends,  and  ia 
deducing  one  thing  from  another  by  the  me- 
thod of  analogy  j  and  where  fhall  we  6nd 
itiftances  of  greater  fagacity,  than  in  philo- 
fophers 
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fophers  diverfifying  the  fituations  of  things, , 
in  order  to  give  them  an  opportunity  of 
fhowing  their  mutual  relations*  affections, 
and  influences ;  deducing  one  truth  and  one 
difcovery  from  another,  and  applying  them 
all  to  the  ufefu!  purpofes  of  human  life. 

If  the  exertion  of  human  abilities,  which 
cannot  but  form  a  delightful  fpedtacle  for  the 
human  imagination,  give  us  pleafiire,  we 
enjoy  it  here  in  a  higher  degree  than  while 
we  are  contemplating  the  fchemes  of  war- 
riors, and  the  ftratagems  of  their  bloody  art. 
Befides*  the  object  of  philofophical  purfuits 
throws  a  pleafing  idea  upon  the  Icenes  they 
exhibit ;  whereas  a  reflexion  upon  the  real 
objeds  and  views  of  moft  ftatefmen  and  con- 
querors cannot  but  take  from  the  pleafure, 
which  the  idea  of  their  fagacity,  forefighf, 
and  comprehenfion  would  otherwife  give  to 
the  virtuous  and  benevolent  mind.  Lallly, 
the  inveftigatipn  of  the  powers  of  nature, 
like  the  ftudy  of  Natural  Hiilory,  is  perpe- 
tually fuggeiling  to  us  views  of  the  divine 
perfe(3;ions  and  providence,  which  are  both 
pleafing  19  the  imagination,  and  improving 
to  the  heart. 

But  though  other  kinds  of  hiftory  may, 
in  fome  refpe»Ss,  vie  with  that  of  philofophy, 
nothing  that  comes'  under  the  denomination 
of  hiftory  can  exhibit  inftances  of  fo  fine  9 
rife  and  improvement  in  things,  as  we  fee  in 
the  progrefs  of  the  human  mind,  in  philo- 
fophical inveftigations.  To  whatever  height 
we  Lave  arrived  in  natural  fcience,  our  be- 
a  3  ginnings 
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ginnings  were  very  low,  and  our  advaocea 
have  been  exceedingly  gradual.  And  to  look 
down  from  the  eminence,  and  to  fee,  and 
compare  all  thofe  gradual  advances  in  the 
afcent,  cannot  but  give  the  greateft  pleafure 
to  thofe  who  are  feated  on  the  eminence,  and 
who  feel  all  the  advantages  of  their  elevated 
fituation.  And  confidenng  that  we  oqrfelves 
are,  by  no  means,  at  the  top  of  humaa 
fcienee;  that  the  mountain  ilill  afcends  be- 
yond our  fight,  and  that  we  are,  in  faft,  pot 
much  above  -the  foot  of  it,  a  view  of  the 
inanner  in  which  the  afcent  has  been  made, 
carinot  but  animate  us  in  our  attempts  to  ad- 
vance flill  higher*  and  fuggeft  methods 
and  expedients  to  affiii  us  in  our  farther 
progrefs. 

Great  conquerors,  we  read,  have  bcco 
both  animated,  and  alfo,  in  a  great  meafure, 
formed  by  reading  the  exploits  of  former 
conquerors.  Why  may  not  the  fame  tScSt 
be  expefted  from  the  hiftory  of  philofophy 
to  philofophers  ?  May  not  even  more  be  ex- 
pefted  in  this  cafe  ?  The  wars  'of  many  of 
thofe  conquerors,  who  received  this  advan- 
tage from  hiftory,  had  no  proper  connexion 
with  former  wars  :  they  were  only  analogous 
to  them.  Whereas  the  whole  bufinefs  of 
philofophy,  diverfified  as  it  is,  is  but  one ; 
it  bein^  one  and  the  fame  great  fcheme,  that 
all  philofophers,  of  all  ages  and  nations, 
have  been  condutSing,  from  the  beginning  of 
the  world ;  fo  that  the  work  being  the  fame,  th? 
labours  of  one  are  not  only  analogous  to  thofe 

of 
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of  anbther,  but  in  an  immediate  manner  fuh^ 
fervient  to  them  j  and  one  philofopher  fuc- 
ceeds  another  in  the  fame  field ;  as  one  Ro- 
man proconful  fucceeded  another  in  carry- 
ing on  the  fame  war,  and  purfuing  the  fame 
conquefts,  in  the  fame  country.  In  this  cafe, 
an  intimate  knowledge  of  what  has  been  done 
before  us  cannot  but  greatfy  facilitate  our  fu- 
ture pfogrefa,  if  it  be  not  abfolutely  neceffary 
to  it. 

These  hiftories  are  evidently  much  more 
necefiary  in  an  advanced  flate  of  fcience,  than 
in  the  infancy  of  it.  At  prefent  philofophi- 
cal  difcoveries  are  fo  many,  and  the  accounts 
of  them  are  fo  difperfed»  that  it  is  not  in  the 
power  of  any  man  to  come  at  the  knowledge 
of  all  that  has  been  done,  as  a  foundation  for 
his  own  inquiries.  And  this  circumflance  ap- 
pears to  me  to  have  very  much  retarded  the 
progrefs  of  difcoveries. 

Not  that  I  think  philofophical  difcoveries 
are  now  at  a  ftand.  On  the  other  hand,  ^s 
quick  advances  feem  to  have  been  made  of 
late  years,  as  in  any  equal  period  of  time 
paft  whatever.  Nay,  it  appears  to  me,  that 
the  progrefs  is  really  accelerated.  But  tho 
increafe  of  knowledge  is  like  the  increafe  of 
a  city.  The  building  of  feme  of  the  firft 
Areets  makes  a  great  6gure,  is  much  talked. 
of,  and  known  to  every  body ;  whereas  tha 
addition  of,  perhaps,  twice  as  much  build'? 
ing,  after  it  has  been  fwelled  to  a  confider- 
able  Cizcy  is  not  fo  much  as  taken  notice  of, 
a  4.  and 
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?nd  may  be  really  unknown  to  many  of  the 
inhabitants.  If  tlie  adclitions  which  have 
been  made  to  the  buildings  of  the  city  of 
London,  in  any  fingle  year  of  late,  had  been 
made  two  or  three  centuries  ago,  it  could  not 
have  efcaped  the  obfervation  of  hiiiorians ; 
■whereas,  now,  they  are  fo  fcattered,  and  the 
proportion  they  bear  to  the  whole  city  is  fo 
finall,  that  they  are  hardly  noticed.  For  the 
fame  .reafon,  the  improvements  that  boys 
make  at  fchool,  or  that  young  gentlemen 
make  at  an  academy,  or  the  univerfity,  are 
more  taken  notice  of  than  all  the  knowledge 
they  acquire  afterwards,  though  they  con- 
tinue their  ftudies  with  the  fame  affiduiiy  and 
fuccefs. 

The  hiftory  of  experimental  philofophy, 
in  the  manner  in  which  it  ought  to  he  writ- 
teri,  to  be  of  much  ufe,  would  be  an  immenfe 
work;  but  it  were  much  to  be  wilhed,  that 
perfons  who  have  leifure,  and  fufficient  abi- 
lities, would  undertake  it  in  fcparate  parts. 
I  have  executed  it,  in  the  bcft  manner  1  have 
been  able,  for  that  branch  which  has  been  m^ 
own  favourite  amufement;  and  1  ihall  think 
myfelf  happy,  if  the  attempt  excite  other 
perfons  to  do  the  like  for  theirs. 

I  CANNOT  help  thinking  myfelf  to  have 
been  peculiarly  fortunate,  in  undertaking  the 
hiftory  of  elei51:ricity,  at  the  moft  proper  time 
for  writing  it,  when  the  materials  were 
neither  too  few,  nor  too  many  to  make  9 
hiftory ;  and  when  they  were  fo  fcattered,  as 
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to  make  the  undertaking   highly   defirable, 
and  the  work   peculiarly  ufeful   to  Englifli-  . 
men. 

I  ^  LIKEWISE  think  myfelf  exceedingly 
happy  in  my  fubjed  itfelf.  Few  branches  of 
Natural  Philofophy  would',  I  think,  make  fo 
good  a  fubjetS:  for  a  hiftory.  Few  can  boaft 
fuch  a  number  of  difcoveries,  dlfpofed  in  fo 
£ne  a  feries,  all  comprifed  in  fo  ihort  a  fpace, 
of  time,  and  all  fo  recent,  the  principal  ac- 
tors in  the  fcene  being  ftill  living. 

WtTH  feveral  of  thefe  principal  atflors  it 
has  been  my  fmgular  honour  and  happincfs 
to  be  acquainted  ;  and  it  was  their  approba- 
tion of  my  plan,  and  their  generous  encou- 
ragement that  induced  me  to  undertake  the 
work.  With  gratitude  I  acknowledge  my 
obligations  toDr.  Watfon,  Dr.  Franklin,  and 
Mr.  Canton,  for  the  books,  and  other  mate- 
rials with  which  they  have  fupplied.  me,  and 
for  the  readinefs  with  which  they  have  given 
me  any  information  in  their  power  to  pro- 
cure. Id  a  more  efpecial  manner  am  I  oblig- 
ed to  Mr.  Canton,  for  (hofe  original  commu- 
nications of  his,  which  will  be  found  in  this 
work,  and  which  cannot  fail  to  give  ao^-alue 
to  it,  in  the  efteem  of  all  the  lovers  of  eledri- 
city.  My  grateful  acknowledgements  are  aU 
fodue  to  the  Rev.  Dr.  Price,  F  R.S.  and  to 
the  Rev.  Mr.  Holt,  our  profeflbr  of  Natural 
Philofophy  at  Warrington,  for,  the  attention 
they  have  given  to  the  work,  and  for  the  many 
important  fervlces  they  have  rendered  me  with 
refpeia  to  it. 

To 
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To  the  gentlemen  above  mentioned  the 
public  1$,  likewife)  indebted  for  whatever 
they  may  think  of  value  in  the  original  expe- 
riments which  I  have  related  of  my  own.  It 
was  from  converfing  with  them  that  I  was 
firft  led  to  entertain  the  thought  of  attempt- 
ing any  thing  new*in  this  way,  and  it  was 
their  example,  and  favourable  attention  to 
my  experiments,  that  animated  me  in  the 
purfuit  of  them.  In  fhort,  without  them, 
neither  my  experiments,  nor  this  work  would 
have  had  any  cxiftence. 

The  hiflorical  part  of  this  work,  the 
reader,  I  hope  will  find  to  be  full  and  circum- 
ilanlial,  and  at  the  fame  fuccinit.  Every 
new  fa^,  or  important  circumllance.  I  have 
noted  as  it  arofej  but  I  have  abridged  all 
long  details,  and  have  carefully  avoided  all 
digreffions  and  repetitions.  For  this  purpofe, 
I.  have  perufed  every  original  author,  to 
which  I  could  have  recourfe ;  and  every  quo- 
tation in  the  margin  points  to  the  authority 
that  I  myfelf  confuUed,  and  from  which  the 
account  in  the  text  was  anally  taken. 
Where  I  could  not  procure  the  original  au- 
thors, I  was  obliged  to  quote  them  at  iecond 
hand,  but  the  reference  will  always  Ihow 
where  that  has  been  done.  That  I  might  not 
mifreprefent  any  writer,  I  have  generally 
given  the  reader  his  own  words,  or  the 
plaineft  tranllation  I  could  make  of  them  ; 
and  this  I  have  done,  not  only  in  direi^  quo- 
tations, but  where,  by  a  change  of  perfon,  I 
have  made  the  language  my  own. 

I  MADS 
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I  hf  ADB  it  n  rule  to  myfelf,  and  I  think  I 
have  conAantly  adhered  to  it,  to  take  no  no- 
tice of  the  miftakcB^  mifapprehcnfions,  and 
altercation*  of  ele^ricians  j  except  fo  far  as, 
i  apprehended>  a  kno,wledge  of  them  might 
be  ufcful  to  their  fucceffors.  All  the  difputes 
which  have  no  way  contributed  to  the  difco- 
very  oi  truth,  1  would  gladly  confign  to  eter- 
nal oblivion.  Bid  it  depend  upon  me,  it 
ihould  ocvcrbe  known  to  pofterity,  that  there 
had  ever  been  any  fuch  thing  as  enry,  jea- 
loufy,  or  cavilling  among  the  admirers  of 
my  favourite  ftndy.  I  have,  as  far  as  my 
beft  judgment  could  dired  me,  been  juft  to 
the  metits  of  all  perfons  concerned.  If  any 
have  made  unjuft  claims,  by  arrogating  to 
themfelve*  the  difcoveries  of  others,  I  have 
filently  r^ored  them  to  the  right  ovnier,  and 
generally  without  fo  much  as  giving  a  hint 
that  any  injuftice  had  ever  been  committee^. 
If  I  have,  in  any  cafe,  given  a  hint,  I  hope 
it  will  be  thoi^ht,  by  the  offending  parties 
themfelves,  to  be  a  very  gentle  one ;  and  that 
it  win  be  a  memento^  which  will  not  be  with- 
out \U  ufe. 

I  THINK  I  have  kept  clear  of  any  mean 
partiality  towards  my  own  countrymen,  and 
evea  my  own  acquaintance.  If-£ngli£h  au- 
thors are  oftener  quoted  than  foreign,  it  is  ber 
caufe  they  were  moxe  eafily  procured;  and! 
^ve  found  a  difficulty  I  could  not  have  ex-- 
pe^Ki,  in  procuring  foreign  publications  up- 
on this  fubjei^. 

I  FIND 
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I  FIND  it  impoflible  to  write  a  preface  to 
this  wprk,  without  difcovering  a  little  of  the 
enthufiafm  which  I  have  contrafl:ed  from  an 
attention  to  it,  by  exprefling  my  wiflies,  that 
more  pei'fons,  of  a  ftudious  and  retired  life, 
would  admit  this  part  of  experimental  philo- 
fophy  into  their  ftudies.  They  would  find  it 
agreeably  to  divcrfify  a  courfe  of  ftudy,  by , 
mixing  fomething  of  adion  with  fpeculation, 
and  giving  fome  employment  to  the  hands 
and  arms,  as  well  as  to  the  head,  Ele^rical 
experiments  are,  of  all  others,  the  cleaneft, 
and  the  moll  elegant,  that  the  compafs  of 
philofophy  exhibits.  They  are  performed 
with  the  Jeaft  trouble,  there  is  an  amazing 
variety  in  them,  they  furnifh  the  moft  pleaf- 
ing  and  furprifing  appearances  for  the  enter- 
tainment of  one's  friends*  amlitheexpenceof 
inftruments  may  well  be  fupplied,  bya  pro- 
portionable deduflion  from  the  purchafe  of 
books,  which  are  generally  read  and  laid 
afide,  without  yielding  half  the  entertain- 
ment. 

The  inftrudion  we ,  are  able  to  get  from 
books  is,  comparatively,  foon  exhaufted ; 
but  philofophical  inftruments  are  an  endlefs 
fund  of  knowledge.  By  philofophical  in- 
ftruments, however,  I  do  not  here  mean  the 
globes,  the  orrery,  and  others,  which  are 
only  the  means  which-  ingenious  men  have 
hit  upon,  to  explain  their  own  conceptions  of 
things  to  others;  and  which,  therefore,  like 
books,-  have  no  ufes  more  extenlive  than  the 
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f  iews  of  human  ingenuity  ;  but  fuch  as  the 
air-pump,  condenfing  engine,  pyrometer, 
&c.  (with  which  eleiSrical  machines  are  to  be 
ranked)  and  which  exhibit  the  operations  of 
nature,  that  is  of  the  God  of  nature  himfelf, 
which  are  infinitely  various.  By  the  help  of 
thefe  machines,  we  are  able  to  put  an  endlefs 
variety  of  things  into  an  endlefs  variety  of 
lituations,  while  nature  herfelf  is  the  agent 
that  fhows  the  refult.  Hereby  the  laws  of 
her  a£lion  are  obfecved,  and  the  moft  impor- 
tant difcoveries  may  be  made ;  fuch  as  thofe 
who  firft  contrived  the  inftrument  could  have 
no  idea  of. 

In  ele^ricity,  in  particular,  there  is  the 
greateft  room  to  make  new  difcoveries.  It  is 
a  field  but  juft  opened,  and  requires  no  great 
ftock  of  particular  preparatory  knowledge : 
fo  that  any  perfon  who  is  tolerably  well  verfed 
id  CKperimental  philofophy,  may  prefently  be 
upon  a  level  with  the  moft  experienced  elec- 
tricians. Nay,  this  hiftory  fliows,  that  feve- 
ral  raw  adventurers  have  made  themfelves  as. 
confiderable,  as  fome  who  have  been,  in 
other  refpeds,  the  greateft  philofophers.  I 
need  not  tell  my  reader  of  how  great  weight 
this  confideration  is,  to  induce  him  to  pro- 
vide himfelf  with  an  eletflrical  apparatus.  The 
pleafure  arifing  from  the  moft  trifling  difco- 
veries of  one's  own,  far  exceeds  wliat  we  re- 
ceive from  underftanding  the  much  more  im- 
portant difcoveries  of  others ;  and  a  mere 
rtader  has  no  chance  of  finding  new  truths, 
in  comparifon  of  him  who  now  and  then 
amufes 
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amufes  himfelf  with  philofophical  experi* 
ments. 

Human  happinefs  dependi  chiefly  upoa 
having  fome  obje£t  to  purfue,  and  upoa  the 
vigour  with  which  our  faculties  are  exerted 
in  the  purfuit.  And,  certainly,  we  muft  be 
much  more  intercftcd  in  purfuits  wholly  our 
own,  than  when  we  arc  merely  foUowing  the 
track  of  others.  Berides.  this  pleafure  has  re- 
inforcements from  a  variety  of  fources*  which 
I  fhall  not  here  undertake  to  trace;  but 
-which  contribute  to  heighten  the  fenfation, 
far  beyond  any  thing  elfe  of  this  kind  that 
can  be  experienced  by  a  perfon  of  a  fpecula- 
tive  turn  of  mind. 

It  is  a  great  recommendation  of  the  Audy 
of  eledricity,  that  it  now  appears  to  be,  by 
no  means,  a  fmall  ohje^  The  eledric  fluid 
is  no  local,  oroccafional  agent  in  the  theatre 
of  the  world.  Late  difcoveries  {how  that  its 
prefence  and  efieds  are  every  where,  and 
that  it  ads  a  principal  part  in  the  grandeft 
and  moll  interefting  fcenes  of  nature.  It  is 
not,  like  magnetifm^  confined  to  one  kind  of 
bodies,  but  every  thing  we  know  is  a  con- 
dudor  or  non*condudor  of  eleftricity.  Thefe 
are  properties  as  eflential  and  important  as 
any  they  are  poflefled  of,  and  can  hardly 
fail  to  fliow  thcmfelves  wherever  the  bodie» 
are  concerned. 

Hitherto  philofophy  has  been  chiefly 
converfant  about  the  more  fenfible  proper- 
ties of  bodies  ;  eleOiricity,  together  with  chy- 
miftty.  and  the  do^ine  of  light  and  colours^ 
feems 
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feems  to  be  giving  us  an  inlet  into  their  In- 
ternal ftru&ure,  on  which  all  their  fenfible 
properties  depend.  By  purfuing  this  new 
Hgfat,  therefore,  the  bounds  of  natural  fcience 
may  poffibly  be  extended,  beyond  what  we 
can  now  form  an  idea  of.  New  worlds  may 
open  to  our  view,  and  the  glory  of  the  great 
Sir  Ifaac  Newton  himfelf,  and  all  his  contem- 
poraries, be  eclipfed,  by  a  new  fet  of  philo- 
fophers,  in  quite  a  new  field  of  fpeculation. 
Gonid  that  great  man  revillt  the  earth,  and 
view  the  experiments  of  the  prefent  race  of 
ele^ricians,  he  would  be  no  lefs  amazed  than 
Roger  Bacon,  or  Sir  Francis,  would  have  been 
at  his.  The  eleflrrc  fliock  itfclf,  if  it  be 
confidered  attentively,  will  apppar  almoft  as 
furprHing  as  any  difcovery  that  he  made ; 
and  the  man  who  could  have  made  that  dif- 
covery, by  any  reafoning  a  -priori^  would 
have  been  reckoned  a  moll  extraordinary  ge- 
nius :  but  electrical  difcoveries  have  been 
made  fo  much  by  accident,  that  it  is  more 
the  povrers  of  nature,  than  of  human  genius, 
that  excite  our  wonder  with  refpcdl  to  them. 
But  if  the  fimpte  etedric  fhock  would  have 
appeared  fo  extraordinary  to  Sir  Ifaac  New- 
ton, what  would  he  have  faid  upon  ieeing 
the  effeAs  of  a  modern  clerical  battery,  and 
an  apparatus  for  drawing  lightning  from  the 
clouds  1  What  inexpreflible  pleafure  would  it 
give  a  modern  ele<arician,  were  the  thing 
poflible,  to  entertain  fuefa  a  man  as  Sir  Ifaac 
for  a  few  hours  with  his  principal  experi- 
jsmts  t 

To 
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To  return  from  this  excurfion  to  the  bufi- 
nefs  of  a  preface:  befides  relating  the  hiftory 
of  eledrical  difcoveries,  in  the  order  in  which 
they  were  made,  I  thought  it  neceflary,  la 
order  to  make  the  work  more  ufeful,  efpeci- 
ally  to  young  eleiSricians,  to  fubjoin  a  me- 
thodical treatife  on  the  fubjeifl,  containing  the 
fubftance  of  the  hiftory  in  another  form,  with 
obfervations  and  inftru£tions  of  my  own.  The 
particular  ufes  of  thefe  parts  pf  the  work  are 
exprelfed  at  large  in  the  introductions  to 
them.  ~  And,  in  the  laft  place,  I  have  given 
an  account  of  fuch  original  experiments  as 
I  have  been  fo  fortunate  as  to  hit  upoa 
myfelf. 
.  I  iNTiTLE  the  work  the  Hiftory  and  Pre' 
J^nt  State  ofEkSlrkity ;  and  whether  there  be 
any  more  additions  of  the  whole  work  or  not, 
care  will  be  taken  to  preferve  the  propriety  of 
the  title,  by  occafionally  printing  addi- 
tions, in  the  fame  fize,  as  new  difcoveries 
are  made ;  which  will  always  be  fold  at 
a  rcafonable  price  to  the  purchafers  of  the 
book;  or  given  ^r<z/;j,  if  the  bulk  be  incon- 
Jiderable. 

Considering  what  refpedable  perfons 
have  already  honoured  this  work  with  their 
valuable  communications,  I  hope  it  will  not 
be  deemed  arrogance  in  me,  if  I  here  ad- 
vertife,  that  if  any  perfon  fliall  mate  difco- 
veries in  eledricity,  which  he  would  chufe  to 
fee  recorded  in  this  hiftory,  he  will  oblige 
me  by  a  communication  of  them ;  and  if 
they  be  really  original,  a  proper  place  fiiall 
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cettainly  be  aijgned  to  them  in  the  next  edi- 
tion, or  papec  of  additions.  And  I  hope  that* 
if  cleftricians  in  general  would  fall  into 
this  method,  and  make  either  A  periodical, 
or  occafional,  but  joint  communication  of 
their  difcoveries  to  the  public,  the  greateft 
advantage  would  thence  accrue  to  thd 
fcicnce. 

The  bufinefs  of  philofophy  is  (a  multi- 
plied, that  all  the  books  of  general  philofo- 
phical  tranfa<Sions  cannot  be  purclhafed  by* 
many  perfons,  or  read  by  any  pdrfon.  It  ia- 
high  time  to  fubdivide  the  bufinefs,  that 
every  man  may  have  aa  opporcunity  of  fee- 
ing every  thing  that  relates  to  his  own 
favourite  purfulc;  andallthe  various  branches 
of  philofophy  Would  find  their  account  in 
this  amicable  feparation.  Thus  the  numer- 
ous branches  of  a  large  overgrown  fafnily,  in 
the  patriarchal  ages,  found  it  neceflary  to  fe- 
parate  j  and  the  convenience  of  the  whole,  and 
the  ftrength,  and  increafe  of  each  branch 
were  promoted  by  the  feparation.  Let  the 
youngeft  daughter  of  the  fcience  fet  the  ex- 
ample to  the  reft,  and  £how  that  ihe  thinks 
herielf  confiderable  enough  to  make  her  ap-- 
pearance  in  the  world  without  the  company 
of  her  fillers. 

Bdt  before  this  general  fepafation,  let 
each  colled  together  every  thing  that  belongs 
to  her,  and  march  off  with  her  vrhole  ftock. 
To  drop  the  allufion :  let  hiftories  be  written 
of  all  that  has  been  done  in  every  particular 
branch  of  fcience,    and  let  the  whole  be  feen 
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at  one  view.  And  when  once  the  entire  pro- 
grefs,  and  prelent  flate  of  every  fcience  (hall 
be  fully  and  fairly  exhibited,  I  doubt  not  but 
Tve  fliall  fee  a  new  and  capital  ara  commence 
in  the  hiftory  of  all  the  fciences.  Such  an 
eafy,  full,  and  com  prehen  five  view  of  what 
has  been  done  hitherto  could  not  fail  to  give 
,  new  life  to  philofophical  inquiries.  It  would 
fuggeft  an  infinity  of  new  experiments,  and 
would  undoubtedly  greatly  accelerate  the  pro- 
grefs  of  knowledge ;  which  is  at  prefeot  re- 
tarded, as  it  were,  by  its  own  weight,  and 
the  mutal.  entanglement  of  its  feveral  parts. 

I  WILL  juft  throw  out  a  farther  hint,  of 
what,  I  think,  might  be  favourable  to  the  ■ 
increafe  of  philofophical  knowledge.  At  pre- 
fcnt  there  are,  in  different  countries  in  Eu- 
rope, large  incorporate  focieties,  with  funds- 
for  promoting  philofophical  knowledge  in 
general.  Let  phalofophers  now  begin  to  fub- 
dividethcmfelvcs,  and  enter  into  fmaller  com- 
binations. Let  the  feveral  companies  make 
fmal!  funds,  and  appoint  a  diredor  of  expe- 
riments. Let  every  member  have  a  right  toi 
appoint  the  trial  of  exppriments  in  fome  pro- 
portion to  thefum  hefubfcribes,  and  let  a  pe- 
riodical account  be  publiftied  of  the  refult  of 
them  all,  fuccefsful  or  unfuccefsful.  In  thi* 
manner,  the  powers  of  all  the  members 
would  be  united  and  incrcafed.  Nothing 
would  be  left  untried,  wjiich  coujd  b?  com  • 
paffed  at  a  moderate  cxpcnce*  and  it  being 
one  per/on* i  bujincfs  to  attend  to  thefe  experir 
incuts,  they  would  lie  made,  and  reported 
without 
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trithout  lofs  of  time.  Moreover,  as  all  in- 
corporations in  thefe  fmaller  focieties  fhould 
be  avoided,  thej  would  be  encouraged  only 
in  proportion  as  they  were  found  to  be  ufeful; 
and  fuccefs  in  fmaller  things  would  excite 
them  to  attempt  greater. 

I  BY  no  means  difapprove  of  large,  generaly 
and  incorporated  focieties.  They  have  theif 
peculiar  ufea  too ;  but  we  fee  by  experience, 
that  they  are  apt  to  grow  too  large,  and  their 
forms  are  too  flow  for  the  difpatch  of  the  mi- 
vutits  ofbufinefs,  in  the  prefeut  multifarious 
ftate  of  philofophy.  Let  recourfe  be  had  to 
rich  incorporated  focieties,  to  defray  the  ex- 
pence  of  experiments,  to  which  the  funds  of 
fmaller  focieties  fliall  be  unequal.  Let  their' 
tranfadions  contain  a  fummary  of  the  more 
important  difcoveries,  collcfted  fi-om  the 
finaller  periodical  publications.  Let  fhem,  by 
rewards,  and  other  methods,  encourage  thofe 
who  diftinguifli  thcmfelves  in  the  inferior  fo- 
cieties; and  thus  give  a  general  attention  to 
the  whole  bufincfs  of  philofophy. 

I  WISH  alt  the  incorporated  philofophical 
focieties  in  Europe  would  join  their  funds  (and 
I  wifli  they  were  fufiicient  for  the  purpofe)  tcJ 
fit  out  Ihips  for  the  complete  difcovery  of  the 
fece  of  the  earth,  and  for  many  capital  expen 
riments  which  can  only  be  made  in  fuch  t^-t 
teniive  voyages. 

Princes  will  rvever  do  this  great  bufincft 

to  any  purpofe.  The  ipirit  of  adventure  feenrt 

to  be  totally  extin£t  in  the  prefent  race   of 

merchants.     This  difcovery  is  a  grand  defide- 

b  a  ratum 
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ratum  in  fdeace ;  and  where  may  this  pure 
and  noble  enthufiafm  for  fuch  difcOTeries  be 
cxpe&ed  but  among  philofophers,  men  ua- 

'  influenced  by  motives  either  of  policy  or 
gain  ?  Let  us  think  ourfelves  happy  if  princes 
give  no  obl^rudion  to  fuch  defigns.  Let 
them  fight  for  the  countries  when  they  arc 
difcovered,  and  let  merchants  fcramble.  for 
the  advantage  that  may  be  made  of  them.  It 
will  be  an  acquifttion  to  philofophers  if  the 
feat  of  war  be  removed  (o  far  from  the  feat  of 
fcience ;  and  frefh  room  will  be  given  to  the 
exertion  of  genias  in  trade,  when  the  old 
beatcrv  track  is  defertedi  when  the  old  fyftem 
of  traific  is  unhinged,  and  when  new  and 
more  extenfive  plans  of  commerce  take  place. 
I  congratulate  the  prefent  race  of  philofo- 
phers oa  what  is  doing  by  the  EngliOi  court 
in  this  way  * ;  for  with  whatever  view  ex- 
peditions into  the  South  Seas  are  made,  they 
cannot  but  be  favourable  to  philofophy. 

Natural  Philosophy  is  a fcience  which 
more  efpecially  requires  the  aid  of  wealth. 
Manyothej-s  require  nothing  but  what  a  man^ft 
own  refledtion  may  furnifh  him  with.  They 
who  cultivate  them  find  within  themfelves 
every  thing  they  want.  But  experimental 
philofophy  is  not  fo  independent.  Nature 
will  not  be  put  out  of  her  way,  and  fuffcr  her 

■  materials  to  be  thrown  into  all  that  variety  of 
fituations  which  philofophy  requires,  in  or- 
der to  difcover  her  woaderful  powers,  witK- 
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out  trouble  and  expence.  Hence  the  pa- 
tronage of  the  great  is  ctTential  to  the  flou* 
rifliing  ftate  of  this  fcience.  Others  may  pro- 
jeft  great  improvements,  but  they  only  have 
the  power  of  carrying  them  into  execution. 

Besides,  they  are  the  higher  claffesof  men 
which  are  raoft  intereftcd  in  the  extenfion  of 
all  kinds  of  natural  knowledge;  as  they  are 
moftableto  avail  themfelves  of  any  difcove- 
ries,  which  lead  to  the  felicity  arid  embelliih- 
ment  of  human  life.  Almoft  all  the  elegancies 
of  life  are  the  produce  of  thofe  polite  arts, 
vrhich  could  have  had  no  exiftence  without 
natural  fcience,  and  which  receive  daily  im- 
provements from  the  fame  fource.  From  the 
great  and  the  opulent,  therefore,  thefe  fciences 
have  a  natural  claim  for  protedion ;  and  it  is 
evidently  their  intereft  not  to  fufFer  promifing 
inquiries  to  be  fufpended  for  want  pf  the 
means  of  profecuting  them. 

But  other  motives,  befides  this  felfilh  one, 
may  reafonabty  be  fuppofed  to  attach  perfons 
in  the  higher  ranks  of  life  to  the  fciences  ; 
motives  more  exalted,  and  Rowing  from  the 
moft  extenfive  benevolence.  From  Natural 
Philofophy  have  flowed  all  thofe  great  in- 
ventions, by  means  of  which  mankind  in  ge- 
neral are  able  to  fubCifl  with  more  eafe,  and 
in  greater  numbers  upon  the  face  of  the  earth. 
Hence  arife  the  capital  advantages  of  men 
above  brutes,  and  of  civilization  above  barba- 
rity. And  by  thefe  fciences  alfo  it  is,  that 
the,  views  of  the  human  mind  itfclf  are  en  • 
larged,  and  our  common  nature  improved 
and  ennobled.  It  is  for  the  hooour  of  the 
b  3  fpccies','"" 
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fpecies,  therefore,  that  thefe  fcienccs  fhould  be 
cultivated  with  the  utmoft  attention. 

And  of  whom  may  thefe  enlarged  view*, 
comprehenfivc  of  fuch  great  objefts,  be  ex- 
pelled, but  of  thofe  whom  divine  providence 
has  raifed  above  the  rei^  of  mankind.  Being 
free  from  moft  of  the  care*  peculiar  to  indi- 
viduals, thoy  may  embrace  the  interefts  of 
the  whole  fpecies,  feel  for  the  wants  of  man* 
kind,  and  be  concerned  to  fupport  the  dig- 
nity of  human  nature. 

Gladly  would  I  indulge  the  hopCi  that 
we  Oiall  foon  fee  thefe  motives  operating  in  a 
more  wctenfive  manner  than  they  have  hither- 
to done;  that  by  the  illuftrious  example  of  4 
few,  a  tafte  for  natural  fcience  will  be  excit- 
ed in  many,  in  whom  it  will  operate  the  moft 
effed:ually  to  the  advantage  of  fcience  and  of 
the  world;  and  that  all  kinds  of  philofophi;- 
cal  inquiries  will,  henceforward,  be  coodud* 
ed  with  more  fpirit,  and  with  more  fuccefs 
than  ever. 

Were  I  to  purfue  this  fubjedt.  It  would 
carry  me  far  beyond  the  reafonable  bounds  of 
a  preface.  1  ihall  therefore  conclude  with 
mentioning  that  fentiment,  which  ought  to 
be  uppermoft  in  the  mind  of  every  philofo- 
pher,  whatever  he  the  immediate  oh]t€t  of 
his  purfuit;  that  fpeculation  is  only  of  ufe  as 
it  leads  to  pracficet  that  the  immediate  ufe 
of  natural  fcience  is  the  power  it  gives  ua 
over  nature,  by  means  of  the  knowledge  wa 
acquire  of  its  laws ;  whereby  human  life  is, 
in  its  prefent  ftate,  made  more  comfortable 
^i}d  happy  ;  but  tUat  the  greateft^  andnobleft 
- ^i>fc 
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ufe  of  philofophical  fpeculation  is  the  difci- 
pline  of  the  heart,  and  the  opportunity  it  af- 
fords of  inculcating  benevolent  and  pious  fen- 
timents  upon  the  mind. 

A  PHILOSOPHER  ought  to  be  fomcthing 
greater,  and  better  than  another  man.  The 
contemplation  of  the  works  of  God  fhould 
give  a  fiibiimity  to  his  virtue,  fhould  expand 
his  benevolence,  extinguifh  every  thing  mean, 
bafe,  and  felfifti  in  his  nature,  give  a  dignity 
to  all  his  fentiments,  and  teach  him  to  afpire 
to  the  moral  perfedions  of  the  great  author  of 
all  things..  What  great  and  exalted  beings 
would  philofophers  be,  would  they  but  let 
the  objects  about  which  they  are  converfant 
have  their  proper  moral  effeft  upon  their 
minds !  A  life  fpent  in  the  contemplation  of 
the  productions  of  divine  power,  wifdom,  and 
goodnefs,  would  be  a  life  of  devotion.  The 
more  we  fee  of  the  wonderful  ftrufture  of  the 
world,  and  of  the  laws  of  nature,  the  more 
clearly  do  we  comprehend  their  admirable 
ufes,  to  make  all  the  percipent  creation  happy : 
a  fentiment,  which  cannot  but  fill  the  heart 
with  unbounded  love,  gratitude,  and  joy. 

EvKN  every  thing, painful  and  difagreeable 
in  the  world  appears  to  a  philofopher,  upon 
a  more  attentive  examination,  to  be  excellent- 
ly provided,  as  a  remedy  of  fome  greater  in- 
convenience, or  a  neceffary  means  of  a  much 
greater  happinefs;  fo  that,  from  this  elevat- 
ed point  of  view,  he  fees  all  temporary  evils 
and  inconveniences  to  vanifh,  in  the  glorious 
profpeft  of  the  greater  good  to  which  they  are 
fublervicnt.  Hence  he  ia  able  to  venerate  and 
b  4  rejoice 
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rejoice  in  God,  not  only  in  the  bright  fun- 
{h\ne,  byt  alfo  in  the  darl;efl  Ihades  of  nature, 
^yhere^s  vulgar  minds  are  3pt  to  be  difcon-p 
certed  with  the  appearance  of  evil. 

NoK  is  the  ciiUivatiop  of  piety  ufeful  to  us 
only  is  men,  it  is  even  ufeful  ip  us  as  phtlofo- 
phers:  and  as  true  philofophy  tends  to  pro- 
mote piety,  fo  a  generous  and  manly  piety  is 
reciprocally,  fubfervipnttothepurpofesofphi* 
lofophy ;  ^nd  this  both  fp  a  dire^  and  indirect 
manner.  While  we  keep  in  view  the  great 
final  caufe  of  all  the  parts  and  the  laws  of  na- 
ture, we  havp  feme  clue,  by  which  to  trace  the 
E^^cient  caufe.  This  ismoft  of  all  obvious  iij 
that  part  'of  philofophy  which  refpctJis  the  ani- 
pial  creation.  Ap  the  great  and  estccUent  Dr. 
Hartley  obferyes.  "  Since  this  world  is  % 
••  fyftcm  of  benevolence,  and  cqnfequently  its 
f*  author  the  objetS  of  unbounded  love  and  a- 
•^  dorati  -n,  benevolence  and  piety  arc  our  on- 
**  ly  true  guides  in  our  inquiries  into  itj  th? 
*'  only  keys  wfiich  will  unlock  the  ipyfterie^ 
**  of  nature,  and  clues  which  lead  through  her 
**  labyrinths.  Of  this  all  branches  of  natural 
**  hiftory,  and  natural,  philofophy  afford  abun- 
**  dant  inftances.  In  all  thefe  inquiries,  let  the 
**  inquirer  take  it  for  granted  previoufly,  that 
*'  every  thing  js  right,  and  the  beft  th*t  can  be 
**  ceteris  mcnenttbus  ;  that  is,  Jet  him,  with 
**  a  pious  confidence,  feek  for  benevolent 
»'  purpofes,  and  he  will  be  always  direflcd  to 
t'  the  right  roqd ;  and  after  a  dqe  continuance 
f  in  it,  attain  to  fome  new  aqd  valuable  truth ; 
^*  whereas  every  otiier.  principle  and  motive  of 
f*  examination,  bcinjj  fofcign  ^o  ^pe  great  plai^ 
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**  on  whichtheunivcrfeiscoiiftru^ed,muftIcad 
*'  intoendlefs  mazes,  crror8,and perplexities*." 

With  refpcft  to  the  indireft  ufe  of  piety,  it 
muft  be  obferved,  "that  the  tranquility,  and 
chearfulnefs  of  mind,  which  refuUs  from  de- 
votion forms  an  excellent  temper  forcondutft- 
ing  philofophical  inquiries;  tending  to  make 
them  both  more  pleafant,  and  more  fuccefsful. 
The  fentiments  of  religion  and  piety  tend  to 
cure  the  mind  of  envy,  jealoufy,  conceit,  and 
every  other  mean  paflion,  which  both  difgrace 
the  lovers  of  fcien:e,  and  retard  the  progrefs  of 
it,  by  laying  an  undue  bias  upon  the  mind^ 
and  diverting  it  from  the  calm  purfuit  of  truth. 

Lastly,  let  it  be  remembered,  that  atafte 
for  fcience,  pleaGng,  and  even  honourable  as 
it  is,  is  not  one  of  the  highefl  pafiions  of  our 
nature,  that  the  pleafures  it  furnishes  are  erea 
but  one  degree  above  thofe  of  fenfe,  and  there- 
fore that  temperance  is  requiiite  in  alt  fcienti- 
fical  purfuits.  Befides  the  duties  of  every  man*s 
proper  ftation  in  life,  which  ought  ever  to  be 
held  lacred  and  inviolate,  the  calls  of  piety» 
common  friend(hip,  and  many  otlier  avoca- 
tions ought  generally  to  be  heard  before  tlut 
of  ftudy.  It  is,  therefore,  only  a  fmall  fhare  of 
their  leifure,  that  mod  men  can  be  juflified  in 
giving  to  the  purfuit  of  fcience;  though  this 
Ihare  is  more  or  lefs,  in  proportion  to  a  maa*8 
iltuation  in  life,  his  natural  abilities,  and  theop- 
portunity  he  has  for  conducting  his  inquiries. 

I  sfl  A  LL  conclude  with  pother  paflage  from 
Pr.  Hartley  to  thispurpofe. "  Though  the  pur-. 

"  HuiUy'i  ObfcivaEiAnioit  Mw,  Vol.  ii.  p.  24;. 

fuit 
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•'  fuit  of  truth  be  an  entertainment  and  cm- 
*'  ptoymentfuitable  to  our  rational  natures^and 
"  a  duty  to  him  who  is^the  fountain  of  all 
"  fcnowledgeand  truth,  yet  we  muftmakcfre- 
"  quent  intervals  and  interruptions ;  elfe  the 
"  ftudy  of  fcicnce,  without  a  view  to  God  and 
"  our  duty*  and  from  a  vain  defireof  applaufe, 
"  will  get  pofleflion  of  our  hearts,  engrofs 
"  them  wholly,  and  by  taking  deeper  root 
"  than  the  purfuit  of  vain  amufements,  be- 
*'  come,  in  the  end,  a  much  more  dangerous,' 
**  and  obflinate  evil  than  that.  Nothing  can 
*'  eafily  exceed  the  vain-glory,  felf-conceit, 
"arrogance,  emulation,  and  envy,  that  are 
"found  in  the  eminent  profeffbrs  of  thefcienccs, 
**  Mathematics,  Natural  Philofophy,  and  even 
"  Divinity  itfelf.  Temperance  in  thefe  ftudies 
'*  is,  therefore,  evidently  required,  both  in  or- 
*•  der  to  check  the  rife  of  fuch  ill  paflions,  and 
"  to  give  room  for  the  cultivation  of  other  ef- 
"  fential  parts  of  our  natures.  It  is  with  thefe  - 
"  pleafures  as  with  the  fenfible  ones;  our  ap- 
"  petites  muft  not  be  made  the  meafure  of 
"  our  indulgence,  but  we  ought  to  refer  all 
•'  to  a  higher  rule. 

"  But  when  the  purfuit  of  truth  is  direfted 
"  by  this  higher  rule,  and  entered  iipon  with  a 
•*  view  to  the  glory  of  God,  and  the  good  of 
'*  mankind,  there  is  no  employment  more 
*•  worthy  of  our  natures,  or  more  conducive  to 
"  their  purification  and  perfedion  "."* 

*  Hjntcy'j  Obrervauonton  Mid,  Vol.  ii.  p.  155,  &e. 
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THE  method  I  took  to  difHnguifh  the 
bodes  i  had  feen  from  thofe  I  had  not 
feea,  ia  the  catalogue  of  elei^ric  authors,  fub- 
joined  to  the  hrft  edition  of  this  work,  has 
been  attended  ^rith  the  advantage  I  promifed 
myfelf  from  it;  feveral  perfons,  who  were  in 
poQeffion  of  the  hooka  I  had  not  fcen>  having 
comflQunicated  them  to'qie  ;  and  I  h^vc  care- 
'  fiilly  pera&d  them,  and  digefied  their  con- 
tents intx)  this  fecond  edition.  Far  the  greater 
part  of  thcfe  new  authors,  the  reader  will  per- 
ceive by  the  catalogue,  were  German,  and 
wrote  in  hig^  Datch,  a  Iwiguage  with  which, 
1  believe,  the  Ikerati  of  this  country  are  but 
liule  acquainted,  which  might  be  the  reaibn 
why  neither  myfelf  nor  my  friends  had  ever 
heard  of  them  before.  Though  the  new  ma- 
terials they  have  fupplied  cannot  be  faid  to  be 
of  the  firft  importance,  many  of  the  articles 
are  very  curious,  and  I  hope  the  reader,  as 
well  as  myfelf,  will  think  that  they  have  well 
repaid  me  for  my  trouble  in  learning  the 
language. 

It  is  certainly  much  to  be  regretted  that 

philofophers  have  not  one  common  language  j 

but  neither  the  theory  of  language  in  general, 

por  the  nature  and  analogies  of  things  to  be  ex- 

preflTed 
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prefled  by  it  are  yet  fuiEciently  underftood, 
to  enable  us  to  contrive  a  new  and  philofopbi- 
cal  one,  which  might  be  eaiily  learatj  and 
would  be  completely  adequate  to  all  the  pur- 
pofes  of  fcience ;  and  Latin  is  a  language 
which  perfons  of  a  philofophical  turn  of  mind 
have  feldom  leifure  to  make  themfelves  fo 
much  mailers  of,  as  to  write  in  it  with  that 
elegance  which  the  tafte  of  the  age  requires. 
BeHdes,  books  written  in  Latin  are  but  little 
read,  at  leaft,  in  England ;  and  therefore  could 
have  no  fale  with  us.  Thefe  circumftances 
make  it  the  more  neceOary,  that  thf^re  Ihould 
be,  in  every  country,  perfons  poflefled  of  a 
competent  knowledge  of  foreign  languages, 
who  ihould  be  attentive  to  the  progrefs  of 
fcience  abroad,  and  communicate  to  their 
countrymen  all  ufefiil  difcoveries  as  they  are 
made. 

Besides  the  improvements  in  the  hillory, 
and  other  parts  of  this  work,  the  reader  will 
find,  in  this  edition,  an  addition  of  three  In- 
tire  fe^ions  of  original  experiments.  All  that  - 
are  of  the  lead  confequence  are  printed,  and 
fold  feparately,  for  the  benefit  of  thofe  who 
purchafed  the  firft  edition. 

Lbbim.  Ju.  1769. 


ADVER- 
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THIRD     EDITION. 

TO  the  fccood  edition  of  this  work  I 
made  confiderable  additions,  by  an  ac- 
count of  fuch  difcoveries  as  bad  been  made  in 
the  interval  between  that  and  the  firft  edition ; 
and  thefe  additions  I  publilhed  feparately  for 
the  ufe  of  thofe  who  had  purchafed  the  firft 
edition.  But  in  this  edition  I  have  inferted 
no  account  of  any  thing  that  was  done  after 
the  publication  of  the  fecond,  becaufe  I  r&- 
ferve  an  account  of  them  for  a  Continuation 
of  the  Hi/ioryt  which,  if  God  fpare  my  life» 
I  propofe  to  write  fome  years  hence,  when  I 
hope  there  will  be  a  greater  ftock  of  materials 
for  it. 

I  HAVE,  however,  conGderably  improved 
this  edition,  by  a  fuller  account  of  difcoveries 
made  by  feveral  foreigners,  in  confequence 
of  becoming  poUeiTed  of  the  original  publica- 
tions, whereas  before  I  was  obliged  to  con- 
tent myfelf  with  quoting  them  at  fecond  hand. 
The  reader  will  therefore  find  a  much  larger 
account  of  what  was  done  by  the  Academi- 
cians del-  Cimento,  by  Mr.  Du  Fay,  andfome 
others.  The  alterations  of  the  references, .or 
the  additions  to  them,  will  generally  ihow 
where  I  have  done  this  *. 

*  In  theaccoont  of  t^e  experiment*  of  Mr.  Moanier.tbink- 
ittg  proper  to  cbao  jc  the  place  of  <)oc  of  ike  uddcii  I  Ae{IeA< 
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To  the  account  I  have  given  of  the  fecep* 
tion  of  Dr.  Franklin's  fyftem  in  France,  I 
would  add  what  I  have  fince  been  informed 
of,  viz.  that  Mr.  Le  Roi,  fecretary  to  the 
Royal  Academy  of  Sciences,  who  has  difUn- 
guiflied  himfelf  by  his  attention  to  various 
branches  of  philofophy,  was  the  firft  who 
adopted  this  theory  in  that  country,  and  be- 
came an  open  and  ftrenuous  advocate  for  it. 
He  alfo  demonftratcd  the  principles  of  it  by 
original  experiments  ;  an  account  of  which  is 
contained  in  two  valuable  Memoirs  publiihed 
among  thofe  of  the  Royal  Academy.  In  the 
former  of  theft  he  proves,  that  there  is  an 
invariable  diftindion  between  the  appearance 
of  electric  light,  at  the  points  of  mctalic  bo- 
dies as  conneSedwithi  or  prefetited  to  ihc  prime 
conduGor,  or  infulated  rubber;  fo  that  what 
is  called  the  pe/ici/,  is  uniformly  the  appear- 
ance when  the  pointed  wire  is  eledrified  po- 
fitively,  and  thenar  when  it  is  negative.  .  Sec 
Ac.  Par.  1753.  In  another  memoir  for  the 
year  1755,  he  fhews,  by  ufing  a  globe  of 
fulphur,  that  the  refmous  ele£tricity  of  Mr. 
Du  Fay  is  the,  very  fame  thing  with  the  nega- 
tive power  of  Dr.  Franklin.  Though  the  fame 
things  had  been  dcmonftrated  by  others,  and 
efpecially  Father  Beccaria,  thefe  philofo- 
phers  made  the  difcovery  independent  of 
each  other,  and  therefore  have  equal  merit. 

cd  to  ODcel  the  former  account,  which  the  reader  will  pleife 
o  overlook,  orexpuDge,  from  p.  14.;.     7  lie   fuller  iccouat. 


from  (he  origioal,  it  at  p.  icj.  I  meniion  iKi}  chielly,  thit 
if  any  foreigner  (bould  tr^innace  from  this  edition,  he  may  b« 
admonilhed  to  omit  the  Tormer  p;iragraph. 

6  With- 
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Without  entering  into  particulars,  \  Ihdl 
take  the  liberty  to  acquaint  the  reader,  that, 
in  the  fixtieth  volume  of  the  Philofophical 
Tranfailions,  there ,  are  two  papers  of  mine 
on  eledrical  fubjeds,  one  on  what  I  have  call-* 
ed  the  /aieraj  exphfioftj  and  the  other  on  Ae 
tondu&ing  patter  of  cAarconI. 

In  the  former  J  ihew  that,  in  certain  cir-i 
cumftances,  an  eledric  fpark  detaches  itieif 
from  the  circuit  of  an  explofion  to  bodies 
fdaced  near  it,  and  returns  to  it  again  at  th? 
iame  inftant.  -Through  the  air- 1  have  m^ds 
this  fpark  three-fourths  of  an  inch,  in  ia^tb, 
and  in  vacuo  more  than  twelire  iik:he». 

In  the  otber  paper  I  fliow,  aOHMi^  othet 
^operties  of  charcoal,  that  its  coodudiag 
power  depends  entirely  on  the.  degree  of  heat 
with  which  it  is  i^ade.  Some  pieces  do  not 
condud  eledricity  at  alU  others  as  per&^iy 
as  filver  or  gold,  and  pieces  of  the  former 
quality  are  always  convertible  into  thofe  of 
the  latter,  by  the  application  of  more  heat. 

Also,  in  my  obj'er^ations  on  different  kinds 
of  air,  the  reader  will  find,  that  I  have  de- 
monftrated  that  the  eledric  matter  is,  or  con- 
tains phlogifton  J  by  {hewing  that  itaffedb 
all  kinds  of  air  as  phlogifton  does ;  particular- 
ly diminilhing  common  air  one  fourth/  and 
making  it  noxious,  fo  aa  ^o  piake  no  eflferf 
vefcence  with  nitrous  air. 

It  may  not  be  amifs  to  inform  the  reader, 
that  tlie  firft  tranflation  of  this  work  was  in- 
to French,  by  a  perfou  who  feems  to  have 
done  it  with  no  other  view  than  to  have  an 
oppor- 
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opportunity  of  exprefling  his  diflike  of  Dr* 
Franklin's  fyitem,  and  of  myfelf  as  the  abet* 
tor  of  it,  and  of  defending  that  of  Mr.  Nol- 
let.  In  the  notej,  which  all  other  tranflators 
cenfure  as  in  the  higheft  degree  illiberal^  he 
reprefents  me  as  being,  beyond  all  bounds, 
partial  to  my  own  countrymen,  and  particu- 
larly unjuft  to  the  French;  a  charge  from 
which  I  thought  myfelf  intircly  exempt.  I 
confefs,  however,  that,  inadvertently,  I  did 
give  fome  handle  to  this  cenfure  in  one  paf- 
iagCi  which  I  have  thn-efore  correded  in  this 
edition.  I  have  the  pleafure  to  be  informed 
that  a  new  tranflation  of  this  work,  from  this 
lad  edition,  is  undertaken  by  the  excellent 
tranilator  of  Dr.  Franklin*8  Philofophical 
writings,  lately  publiihed.  This  gentleman 
will,  I  doubt  not,  do  ample  juftice  both  to 
myfelf  and  to  the  fubje^. 

Calne,  Marcb  1775. 


To    the  B  I  N  s  B  K, 
?Utt  Plate  I.  4a  the  *nd  of  Vol.  I. 
Plate  II.  fc?f.  at  tbeatdefVol  II. 
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TheHiSTORY  of  ELECTRieiTY. 

P   E  R  I  O  i)     t. 

EXPBRIMENTS  AND    DISCOVERIES  IN  ELEC-^ 
TRICITY  ;  PRIOR      TO      THOSE      OF      Mr. 

Havksbeei 

THE  hiftol^  of  philofophy  contain* 
nothing  earlier  tfean  the  obfervation» 
that  yellow  amber*  when  rubbed,  ha« 
die  power  ef  attradiiag  light  bpdies.  Tbaiee 
of  Miletus,  the  father,  of  the  Ionic  philo- 
fophy,  who  flourished  about  fix  hundred  years 
before  Chrift,  wa8  fo.  ^luch  ftruck  with  this 
property  of  amber,  that  he  imagined  it  was 
animated.  But  the  firft  writer,  who  exprefsly 
mentions  this  fubftance,  k  Theophrailus,  ^ho 
flouriflied  about  the  year  ;co  before  Chrift. 
He  fays,  in  his  bopk  eooGerning  precious 
ftones,  fe^.  53,  that  amber  {which  he  fuppofes 
to  be  a  native  foffil}  haff  the  fame  property 
of  attraiSing  light  bodies  with  the  lyncurium ; 
which,  he  obfcrves,  attrafls  not  only  ftraws, 
and  fmall  pieces  of  ftick«,  but  even  thin  pieces 
B  of 
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of  copper  and  iron.  What  he  fays  "farther  of 
the  lyacurjum  will  be  related  under  the  article 
of  the  tourmalin^  which  Dc.  Watfon  has,  in 
a  manner,  proved  to  be  the  fame  fubllance.. 

From  dAext^ov*  the  Greek  naine  for  amber* 
is  derived  the  term  Electricity,  which  is 
BOW  extended  to  fignify  not  only  the  power 
of  attrading  l^ht  bodies  iRherent  in  amber, 
hut  other  powers  conne£led  with  it,  in  what- 
ever bodies-  ^y  are  fuppoffid  to  refide,  or  ta 
whatever  bodies  tbey  may  be  communicated. 

The  attradive  nature  of  amber  is  occafion- 
ally  mentioned;  by  Pliny,  and  other  later  na— 
turalifls ;  particidiarly  by  GaiTendus,  Keneltnr 
Pigby,  and  Sis-  Thomas  Brown ;  but  except- 
ing the  clcSricity  of  the  fubftance  callied_;rf  V 
the  difcovery  ofwhich  waftvecy  late  (though  I 
have  not  been  able  to  find  its-  author),  bo  ad- 
vances were  made  in  eleflricity  till  the  fiibje^ 
wa^' undertaken  by  William  Gilbert,  a  native 
of  Colcheftcr,  and  a  phyfician  at  London ; 
who,  in  his  excellent  Latin  treatife  de  magnetCt 
pubiifhed  in  the  year  1600,  relates  a  great 
variety  of  electrical  experiments.  Confidcr— 
ing  the  time  in  which  this  author  wrote,  any- 
how little  was  known  of  the  fubjc(3  before- 
him,  his  difcoveries  may  be  juftly  deemed 
confiderable,  though  they  appear  trifling  when. 
■compared  with  thofc  which  have  been  made 
fincC  his  time. 

To  him  we  owe  "a  great  augmentation  o£ 

*  Mr.  Bofe  ii  faid  to  have  fhoivn,  that  the  agau  wu  vcrjr 
early  known  to  have  clcfUic  powcri.  Danixkk  Mcinoiti, 
Vol.  Up.  179. 

the 
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file  lift  of  eledric  bodies,  as  alfaof  the  bodies 
on  which  eleflrics  can  aS: ;  and  he  has  care- 
fully noted  feveral  capital  circum^flances  relat- 
ing to  the  rtianner  of  their  aiftjon,  though  his 
theofy  of  eleflficity  was  v^ry  imperfe^,  ^ 
might  be  expefted. 

Amber  and  jet  were,  as  I  Obferved  befofe, 
the  only  fubftances  which,  before  the  time  of 
Gilbert,  were  known  to  have  the  property  of 
attrafting  light  bodies  when  rubbed;  but  he 
found  the  fame  property  in  the  diamonds 
fapphtri,  carbuncle^  iris,  amethyft,  opal,  vin- 
centina,  Brijioljione,  beryJy  tua  cr^al.  He 
alfo  obferves  that  'glafs,  efpecJaily  that  which 
Is  clear  and  tranfparent,  has  tlie  fame  proper- 
ty ;  Vikt^'iUaW  faSfitious  gemsi  made  of  glafs 
Or  cryftal ;  glafs  of  antimony-,  moft  /parry  fub- 
ftancesy  zxi^  bderfiriites.  Laftly,  he  concludes 
his  catalogue  of  eleftric  fubftances  with  Jul- 
phur,  majiic,  fi^^'-fg  w<i>:  made  of  gum  lac 
tinged  with  various  colours,  hard  rq/in^  fat 
gem,  talcy  and  roche  alum.  I^ofin,  he  faid, 
pofFefled  this  property  but  in  a  fraall  degreei 
and  the  three  lad  mentioned  fubftances,  onl  j 
whern  the  air  was  clear  and  free  from  moifturel 

All  thefe  fubftances,  he  obferves,  attradt- 
ed  not  only  firawa,  but  all  metals,  all  kind? 
of  wood,,  ftones,  earth,  water,  oil;  in  fhort, 
wTiatever  is  folid,  and  the  objcft  of  our  fenfes. 
But  he  imagined  that  air,  flame,  bodies  ignit- 
ed, and  all  matter  which  was  extremely  fare 
was  ilot  fubjea  to  this  attra£lion.  Grofs 
fmoke,  he  found,  was  attrafted  very  fenftblj?, 
but  that  which  was  attenuated  verf  little. 

B  2  Friction, 
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Friction,  he  fays,  ist  in  general,  neceffary 
tbejcdte  the  virtue-of  thefefubftances;  though 
he  had  one  large  and  fmooth  piece  of  amber 
which  would  a<ft  without,  friction.  But  with 
Tefpe£t  to  this  he  probably  deceived  himfelf. 
The  moft  efFedual  fridtion,  he  obferved  to  be 
that  which  was  light  and  qjiick  ;  and  he  found 
that  elccSrical  appearanocs  were  ftrongeft  when 
the- air  was  dry,.,  and  the  wind  north  or  ea(^ 
at  wlMCh-  time  eleftric  fubftanees.  would  ad 
ten  minute»s  a&er  excitation.  But  he  iays, 
that  a  moill- aitv.  or  a-  fbutherly  wind  almod 
annihHatea  the  eledri'c  virtue.  The  fame  ef- 
fe^-he  alfo  obferved  frpm  the  interpofition  of 
moifture  of  any.  kmd,  as  fi'om  the  breath,  .and 
many  other  fubftancesj  but  not  always  from 
the  interpofition. of  fatfnet.  HefayS  that  light 
and  puce  oil,  iprinkled  upon.  clfeflErics,  after 
excitation,  did  not  obftrutft  their 'virtue;  but' 
that  brandy,  or  fpirlt  of  wine,  did.  He  alfo 
lays,  that  cryftal,  talc,  glafs,  and  all  other  elec- 
trics loft  their  virtue  after  being  burnt  or 
roafted.  But  this  wasj  infome  meafure,  a  mif— 
take.  The  heat  of  the  fun,  coUeded  by  a 
burning  glafs,  he  lays,  is  fo  far  from  exciting 
amber,  and  other  ele^rics,  that  it  impurs  the 
virtue  of  them  all ;  though,  when  eledrica 
have-  been  excited,  they  will  retain  their  vir- 
tue longer  in  the  fun^fiiine  than  in  the  Ihade. 

Most  of  the  experiments  of  this  author 
were  made  with  long  thin  pieces  of  metal,  and 
otheE  fubftancest  fufpended  freely  on  their 
centers,  to  the  extremities  of  whichihe  prc*^ 
fented  the  dearies  he  had  excited,  His  e±f 
pecimeot*. 
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jjcrjments  on  water  were  made  by  prefentmg 
a  round  drop  of  it  upon  a  dry  fubilaace  to  the 
excited  ele£h'ic;  and  it  is  remarkable,  that  he 
obferved  the  iame  conical  figure  of  the  elec- 
trified, drops  which  Mr.  Grey  afterwards  diC- 
covered,  and  which  will  be  related  more  at 
large  in  its  proper  place.  Gilbert  concluded, 
that  air  was  not  affefted  by  ^leQrical  attrac- 
tion, becaufe  the 'flame  of  a  candle  was  not: 
for  the  flame,  'he  fays,  would  be  difturbed  if 
the  air  had  the  leaft  motion  given  to  it. 

Gilbert  imagined  that  deflricdl  .attrac- 
tion was  performed  in  the  'fame  manner  as 
the  attraiiion  of  cohefion.  JTwo  drops  of 
water,  he.dbfervqd,  rufli  tocher  when  they 
arc  brought  into  fontadl;  .and  eledtrics,  he 
fays,  are  virtuitly  brought  into  contafil  with 
the  bodies  they  aft  upon,  by  means  df. their 
efflincia,  excited  by  fridlion. 

Among  other  differences  "between  eledtrlc 
and  magnetic  attradion,  feme  of  which  are 
very  juft,  and  others  lyhimfical  enough,  he 
Tays,  that  magnetic  '"bodies  rufli  together  mu- 
tually; whereas  in  dedlncal  attraAion  it  is 
only  tjie  ele£tric  that  exerts  any  power.  He 
obferves  alfo  particularly,  that  in  magnetifm 
ih^re'is  both  attraflion  and  rcpulfion,  but  in 
cleftcicity  only  the  former,  and  never  the 
latter*. 

Such  were  the  difcoveries  of  our  coun- 
tryman Gilbert,  who  may  juftly  be  called  the 
■  father  of  modern  eleilricity,  though  it  be 


*  tjilbert  de  mignete.  Lib,  i.  Cap. : 
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true  that  h«  left  hh  ctiild  in  its  very  in- 
fancy. 

Lord  Bacon,  in  his  Phyfiological  p.c- 
niains,  gives  a  catalogue  of  bodies  attra^ve 
and  not  attraftive  j  but  it  differs  jn  nothing 
worth  mentioning  from  that  of  Gilbert,  ana 
he  does  not  feeai  to  have  made  any  obferva^ 
tions  of  his  own  relating  to  the  fubjeft. 

About  30  years  after  Gilbert,  Nicolaus 
CAB^ue,  a  Jefuit  at  Ferraxa,  repeated  his  ex** 
periments  j  and  found  that  w^ite  wax,  almoft 
all  the  J^awj,  and  cruje  gypfum  were  to  be 
ranjced  among  eledrjc  bodies  *, 

Th£GE  remarkable  phenomena  relating  to 
^mber,  and  other  ele^ric  fubftances,  did  not 
cfcape  the  attention  of  the  inquifitive  and  fa- 
gacious  Mr.  Boyle,  who  fiouriflied  about  the 
year  1670,  He  made  fome  addition  to  the 
catalogue  of  eleftric  fubftances,  and  attended 
to  fome'  circumftances  relating  to  eleQ:rical 
attratflion,  which  had  efcapcd  the  obfervation 
of  philofophers  who  lived  before  him. 

He  found  that  the  hard  cake  which  remains 
after  evaporating  good  turpentine  was  cleflri- 
pa|,  as  alfo  tlie  bard  mafs  which  remains 
after  diftilling  petroleum  and  fpirit  of  nitre, 
glafs  of  lead,  the  caput  mortuum  of  amber, 
and  the  cornelian  ;  but  he  could  not  find  that 
property  in  the  emerald,  and  he  thought  that 
glafs  pofleSed  it  but  in  a  very  low  degree. 

Hk  found,  that  the  eleSricity  of  all  bodies 
(apable  of  having  it  excited  in  them  was  in-^ 

*  PintKck  A^emoin,  Vol.  i,  p.  iSo. 
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«-eafed  by  wiping,  and  warming  them,-  pre- 
tIous  to  their  being  rubbed.  By  this  means 
k^  made  an  cleflric  body,  no  bigger  than 
a  pea,  move  a  fteel  needle,  which  was  freely 
poifed,  three  minutes  after  he  had  left  off  rub- 
bing it.  He  alfo  found,  that  it  was  nfeful  to 
have  the  fmfaces  of  electric  bodies  made  very 
fmooth,  except  in  the  cafe  of  one  diamcmd, 
on  which  he  tried  fome  experiments  ;  which, 
Jhough  it  was  rough,  was,  he  fays,  poflefled 
-of  a  ftronger  eledric  virtue  than  any  polifhed 
«ne  he  had  ever  met  with. 

He  obferved  that  excited  eledtics  would 
attrad  all  kinds  of  bodies  promifcuoufly, 
whether  ele^ric  or  not ;  that  excited  ambw, 
for  inftance,  would  attrad  both  powder  of 
amber,  and  fmali  pieces  of  it;  differing,  as 
he  takes  notice,  from  the  property  of  the 
load-ilone,  which  a£ts  only  on  one  kind  of 
matter.  He  found,  thjt  his  electrics  would 
attraft  fmoke  very  eafily,  and  takes  fome 
pains  to  account  for  their  not  fenfibly  at- 
■trading  flame,  which  Gilbert  excepted  from 
the  bodies  attraded  by  eledricity. 

Thi-se  attradions,  he  found,  did  not  de- 
pend Hpon  the  air  :  for  he  obfcrved  that  ihey 
took  place  in  vacuo.-  He  fufpendcd  a  piece 
of  excited  amber  over  a  light  body  in  a  glafs 
receiver,  and  faw,  that  when  a  vacuum  was 
made,  and  the  amber  let  down  near  the  light 
body,  it  was  attradccl,  as  if  it  had  been  in 
the  open  air  *.     But  S.  Beccaria  afferts,  that 

•  HiSoircdelVftridte. 
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there  is  po  eJeSrical  attradiop  in  a  perfe^ 

vacuum. 

Msl  Boyle  made  an  experiment  to  try 
whether  an  excited  eledric  was  a£ted  upon 
by  other  bodies,  as  ftrongly  as  it  aSed  upon 
them,  and  it  fucceedeij :  for,  fufpending  his 
excited  cleflric,  he  faw  that  it  was  fenfibly 
moved  by  the  approach  of  any  qther  body. 
We  Ihould  q,ow  be  furprlfed  that  any  perfon 
ihould  not  have  concluded  a  priori,  that  if  an 
elet5tric  body  attra^d  other  bodies,  it  muR,  in 
feturn,  be  attraftied  by  them,  a^ion  and  reac- 
tion being  uuiverfally  equal  to  one  another. 
But  it  rhuft  be  confidered,  that  this  axiom  was 
hot  fo  well  underftood  in  Mr.  Boyle's  time, 
nor  till  it  was  afterwards  explained  in  its 
full  latitude  by  t:ir  Ifaac  Newton*. 

Mr.  Boyle  got  a  gUmpfe,  as  we  may  ft^y, 
of  the  eledlrjc  light:  for  he  found  that  acu^ 
rious  diamond,  which  Mr.  Clayton  brought 
from  Italy,  gave  light  in  the  dark,  when  it 
was  rubbed  againft  any  kind  of  ftufF;  and  he 
found  that,  by  the  fame  treatment,  it  became 
elei5lrical.  He  alfo  obferved  the  fkmc property 
in  fei  nondsf- 

Tt  nts-  of  Mr.  Boyle's,  we  fee, 

relate  r  circumftancea   attending 

the  i  y  of  eiedlrical    attraQion. 

The  i  :h  that  he '  m^de  to  the  dif- 

cover^  repulfion  was  his  obferv- 

ing,  th^t  light  bodies,  as  feathers,  &c.  woul4 

*  Bojtle't  Median ical  proJuflion  of  ele^ncitv, 
^  §ctoDda['»  hiAofy  <)f  elcftiicity,  p.  141. 
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fltng  'to  his  fingers,  and  other  fubftances, 
after  they  had  been  attradled  by  his  elegies. 
He  had  feen  but  little  of  the  elearic  light, 
and  little  imagined  what  aAonifhing  effe^s 
would  be  afterwards  produced  by  the  fame 
iwonderful  power,  and  how  large  a  field  he 
was  opening  for  phllofophical  fpeculation  in 
future  times. 

Mb.  Boyle's  theory  of  elefirical  attraaion 
was,  that  the  ele<!tric  emitted  a  glutinous  efilu- 
^um,  which  laid  hold  of  fmall  bodies  in  its 
way,  and,  in  its  return  to  the  body  which 
emitted  it,  carried  them  back  with  it.  One 
James  Hartman,  whofe  account  of  amber  ia 
publilhed  in  the  Philofophical  Tranfaftions  *, 
pretends  to  prove  by  experiment,  that  ele£tri- 
pal  attraction  was  really  owing  to  the  emiffion 
of  glutinous  particles.  He  took  two  ele'Sric 
fubftances,  viz.  pieces  of  colophonia,  and 
from  one  of  them  made  a  diftiUation  of  a  black 
balfam,  and  thereby  deprived  it  of  its  attrac- 
tive power.  He  fays,  that  the  electric,  which 
was  not  diftilted,  retained  its  fatty  fubllance, 
whereas  '  the  other  was,  by  ^diftiUation, .  re" 
duced  to  a  mere  caput  mortuum^  and  retained 
no  degree  of  its  bituminous  fat.  In  confe- 
quence  of  this  hypothefis,  he  gives  it  as  his 
opinion,  that  amber  attracts  light  bodies 
more  powerfully  than  other  fubftances,  be- 
caufe  it  emits  oily  and  tenacious  effluvia  more 
copiouidy  than  they  do. 

Cjntemporary  withMr.  Boyle  was  Otto 

?  Abrid£eii)Fpr,  Vgl.  i.  p.  473. 

Guericke^ 
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Guericke,  Bu^maftcr  of  ^M^debourg,  aad 
the  celebrated  inventor  of  the  air-pqmp,  who 
is  likewife  intitled  to  a  difiinguifhed  place  a- 
mong  the  firft  improvers  of  eledricity. 

This  philofopher  made  his  experiments 
vi'ith  a  globe  of  fulphur,  made  by  melting 
■that  fubftancc  in  a  hollow  globe  of  glafs,  ana 
ifterwards  breaking  the  glafs  from  off  it.  He 
little  imagined  that  the  glafs  globe  itfelf,  with 
or  without  the  fulphur,  would  have  anfwered 
his  purpofe  as  well.  This  globe  of  fulphur 
he  mounted  upon  an  axis,  and  whirled  It  in  a 
wooden  frame,  rubbing  it  at  the  iame  time 
with  his  hand  ;  and  by  this  means  he  per- 
formed all  the  eledrical  experiments  which 
•were  known  before  his  time. 

His  was  the  difcovery,  that  a  body  once 
attraQcd  by  an  excited  eledric  was  repelled 
liy  it,  aiid  not  attrafted  again  till  It  had  been 
touched  by  fome  other  body.  In  this  manner 
he  kept  a  feather  a  long  time  fufpended  ia 
the  air  above  his  fulphur  globe ;  but  he  ob- 
ferved,  that  if  he  drove  it  near  a  linen  thread, 
'or  the  flame  of  a  candle,  it  inftaotly.  retreated 
to  the  globe,  without  having  been  in  contaO: 
with  any  fenfible  body. 

Neither  the  found,  nor  the  light  produced 
by  the  excitation  of  his  globe,  efcapedthe  no- 
tice of  this  accurate  philofopher,  though  he 
feems  not  to  have  obferved  them  in  a  very 
great  degree  :  for  he  was  obliged  to  hold  bis 
ear  near  the  globe  to  perceive  the  biffing 
found  of  the  eleflric  fire  ;  and  he  compares  the 
light  which  it  gave  in  the  fame  urcumilaoces 

to 
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to  XhaX  which  h  ken  when  fugar  is  pounded  in 
the  dark. 

But  the  moft  remarkable  experiments  of 
this  philofopher  were  two,  which  depend  upon 
9.  property  of  the  eleftric  fluid  that  has  not 
been  illuftrated  till  within  thefe  late  years ; 
viz.  that  bodies  immerged  in  elcQric  atmof- 
pheres  are  themfelves  eleftrified,  and  with  an 
eledricity  oppofite  to  that  of  the  atmofphere. 
Threads  fufpended  within  a  fmall  diftance  of 
his  excited  globe,  he  obferved  to  be  often  re- 
pelled by  his  finger  brought  near  them,  and 
that  a  feather  repelled  by  the  globe  always 
turned  the  fame  face  towards  it,  like  the 
njoon  with  refpe£l  to  the  earth.  This  lafl: 
£xp«riment  feems  to  have  been  wholly  over- 
looked by  later  elearlcians,  though  it  is  a 
very  curious  one,  and  may  be  made  with  fo 
much  eafe  *. 

,  To  the  members  of  the  Academy  De/  Ci- 
menfo,  whofe  labours  contributed  very  con- 
fiderably  to  the  advancement  of  various 
branches  of  natural  knovjledgc,  we  are  in- 
debted for  feveral  obfervations  on  the  fubjedt 
of  eleflricity. 

They  rank  the  eleftric  bodies  which  they 
examined  in  the  following  order,  according 
So  the  ftreugth  of  their  attraftive  power,  yeU 
low  amber^fealing  wax,  the  ro/e  dtamond^  and 
of  the  fame  ftrcngth  with  this  the  white 
fapphirey  emerald,  white  topaz,  fpineile,  and 
luhy  balleis.  After  thefe  they  ranked  all  iranf- 

.  *  Ciperioifpip  Masdcbargua,  Lib.  4.  C>p*  i;. 
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parent  gems-,  and  next  to  the  precious  Aonet 
<he7  placed  gfafs,  cryjlal-,  with  ivhite  and  black 
■amheri  the  power  of  all  which  they  iay  is  very 
weak. 

Yellow  amber  appearing  to  them  to  have 
the  greateft  power  of  all  dearie  fiibftanccB, 
they  made  all  their  experiments  with  it. 
Among  otlier  things,  they  found  that  it  at- 
tia&edfmoiet  but  not^ame;  and  upcm  thisoc- 
cafion  they  obferved  the  curious  phenomenon 
of  a  vi^6/e  eU£}ric  atmofpherey  which  was  af- 
terwards re-difcovered,  and  exhibited  to  more 
advantage  by  I)r.  Franklin.  For  they  fay, 
that  that  part  of  the  fmokc  whicli  is  attraifled 
"by  the  amber  remains,  and  unites  itfelf  to  it, 
like  a  fmall  cloudy  and  as  the  amber  cools,  it 
rifes  in  fmoke  again,  and  Tanifhes.  At  the 
fame  fimethey  alfo  obferved  a  pretty  cnriouB 
effeifl  of  eledrical  r^ulfion ;  for  they  fay 
that  part  of  the  fmoke  was  thrown  tffffrom 
llie  amberj  as  from  a  looking-glafs. 

Flame,  they  obferved,  was  fo  far  from  be- 
ing attrafted  by  flic  amber,  that,  upon  being 
prefented  to  it,  it  prefendy  deprived  it  of  alt 
its  attractive  power  \  for  if,  after  it  had  taken 
up  any  thing,  it  was  held  to  the  flame,  it  would 
immediately  let  it  go  again. 

They  found  that  all  Jluid fuhjlances  were 
fenfible  to  theattraaive  power  of  amber,  and 
among  the  reft  t\cv\  mercury  -,  and  that  when 
the  excited  amber  was  prefented  to  a  large 
fuperficies  of  any  liquor,  it  rofe  towards  it  in 
a  fmall  pointed  eminence ;  an  efFcfl:  which, 
they  fay,  is  beft  obferved  in  oil  or  batfam.  Thi» 
obfcrva- 
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vbfervation*  we  Aall  find,  was  afterward* 
made  again«  and  more  particularly  attended 
to  by  Mr.  GWy  •. 

These  gentlemen  took  a  great  deal' of  pains 
to  try  whether  amber  would  attrad  in  vucua 
but  to  no  purpofe,  not  being  able  to  exclude 
the  ait,  fb  as.  to  rub  the  amber  in  vacuo,  and 
apply  it  to  the  light  body  they  had  provided, 
with  any  efFed ;  but  neither  could  they  make 
the  amber  a£t  in  the  fame  conBned  fituatioa 
even  when  the  air  was  not  at  all  excladcd  f- 

Tmey  alfo  found,  with  Mr.  Boyle,  that  a 
piece  of  excited  amben,  fufpendedby  a  thread* 
was  attradied  by  other  bodies  pcefented  to  it, 
juftlike  amagnetical  needle  |. 

Lastly,  thefe  gentlemen  found  that  when 
the  excited  amber  was  dipped  in  fome  liquprs, 
k  immediately  loft  its  power,  but  not  after 
being  dipped  in  others.  In  this  laft  clafs  they 
enumerate  feveral  kinds  of  oil,  tallow;  fat, 
and  butter^  aiid  it  is  nc»v  found  that  the  con- 
ducing power  of  theie  fubftances  is  fo  fmall, 
that  they  are  more  properly  clafled  among  the 
»on-condu3ors  §. 

I  SHAL*  in  the  next  place  obferve,  that  Mr. 
Boyfc,.  Otto  Gucricke,,  and  thefe  gentlemen, 
made  their  experiments  about  the  fame  timc> 
and  feemed  to  have  derived  no  advantage 
whatevec  from  each  otfasi^s  labours. 

•  Effay*  9n  Naiural  Expeiiinen:t,  trtnflated'bjr  Wriker,  p. 

t  lb.  p.  4^. 

t  lb.  p.  119 

H  E(r>>(  on  NMifral  Expcrimmri,  utofltted  \>y  Wiriker^^ 

"^'  .  A 
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A  MUCH  finer  appearance  of  eledric  light 
than  that  which  Otto  Guericke's  fulphur 
globe  exhibited  was  obfcrVed  by  Dr.  Wall. 
The  account  of  it  is  publilhed  in  the  Phi- 
iofophical  Tranfadtions  *. 

Making  experiments  upon  arti6cial  phof- 
phorus,  which  he  took  to  be  an  animal  oil 
coagulated  with  a  mineral  add,  he  was  led  to 
conjefture  that  amber,  which  he  fuppofed  to 
be  a  mineral  oil  coagulated  with  a  mineral  vo- 
latile acid,  might  be  a  natural  phofphorus ; 
and  with  this  view  he  began  to  make  experi- 
ments upon  it,  the  refult  of  which,  being  very 
curious  and  furprifmg,  it  will  be  moft  agree- 
able to  my  readers  to  fee  in  the  very  words 
of  the  obferver  himfelf. 

"  I  FOUND,"  fays  he,  "  by  gently  rnb- 
•*  bing  a  well  polifhed  piece  of  amber  with 
"  my  hand,  in  the  dark,  that  it  produced  a 
"  light:  whereupon  I  got  a  pretty  large  pietife 
**  of  amber,  which  I  caufed  to  be  made  long 
*'  and  taper,  and  drawing  it  gently  through  my 
**  hand,  being  very  dry,  it  afforded  a  confider- 
"  able  light. 

•'  I  THEN  ufed  many  kinds  of  foft  animal 
**  fubftanccs,  and  found  that  none  did  fo  well 
**  as  wool.  And  now  new  phenomena  of- 
*^  fered  themfelves :  for,  upon  drawing  the 
**  piece  of  amber  fwiftly  through  the  woolleti 
*'  cloth,  and  fqueezing  it  pretty  hard  with 
"  my  hand,  a  prodigious  number  of  little 
**  cracklings  were  heard,  and  every  oneof  thefc 

•  Ptil.  Traaf.  abridged.  Vol.  4.  p.  »75- 

"  produced 
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•*  ptoduced  a  little  ffafh  of  light;  but  when 
"  the  amber  was  dravirn  gently  and  flightly 
•*  through  the  cloth,  it  produced  only  a  light 
*'  but  no  crackling ;  but  by  holding  bne'4 
**  fingers  at  a  little  diflance  from  the  amber» 
"  a  large  crackling  is  produced,  with  a  great 
•*  flafti  of  light  fucceeding  it.  And,  what  to 
••  me  is  very  farprifing,  upon  its  eruption,  it 
•*  ftrifces  the  finger  very  fenfibly,  whercfoever 
"  applied,  with  a  pufli  or  a  puff,  like  wind. 
•*  The  crackling  is  full  as  loud  as  charcoal  (M% 
••  fire,  and  five  or  fix  cracklings,  or  more, 
"  according  to  the  quicknefs  of  placing  thfr 
"  fitiger,  have  been  produced  from  one  (ingle 
♦*  friaiOn,  light  alvKiys  fucceeding  each  of 
**  them. 

*'  Now  I  make  no  queftion,  but  tlpot* 
**  ufihg  a  longer  and  larger  piece  of  ambcr^ 
•*  both  the  cracklings  and  light  would  be 
••  much  greater,  becaufe  I  never  yet  found 
•*  any  crackling  from  the  head  of  my  cane, 
••  though  it  is  a  pretty  large  one.  This  light 
*'  and  crackling  fcems,  in  fome  degree,  to  rcf- 
•*  prefent  thunder  and  lightning." 

After  reciting  this  experiment,  he  gives 
k  as  his  opinion,  tliat  all,  or  moft  bodIeS> 
Which  .have  eledlricity,  give  light,  and  that  it 
is  the  light  which  is  the  caufe  of  their  being 
eledrical.  He  found  that  light  could  alfo  be 
produced  by  rubbing  jet,  red  fcaKng  wax, 
made  with  guiri  lac  and  cinnabar,  and  the  dia- 
mond. He  eren  imagined  he  could  diftin- 
guifh  true  from  falfe  diamonds  by  this  teft. 

NoTwiTHSTANDiRc;  Dr.  Wall  made  this 
beautifut 
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beautiful  direorery,  as  he. imagined  (for  h«' 
feenv  not  to  have  feen  what  Otto  Guericke  bad 
written)  of  light  proceeding  from  amficr  aa4 
other  eledric  bodies,  we  fee  that  he  laboured 
under  a  great  deal  of  confufion  arid  mifappre-i' 
henfion  with  refpeft  to  it.  He  fays,  that  one 
thing  appeared  ftrange  to  him  in  the  courfe  of 
thefe  experiments,  which  was,  that  though^ 
upon  friilion  with  wool  in  the  day  time,  the 
cracklings  feemed  to  be  full  as  many  and  a« 
large,  yet  that,  by  all  the  trials  which  he  made, 
very  little  light  appeared,  though  in  the  darfc- 
eft  room.  He  fays  that  the  heft  time  fw 
maVuQg  thefe  experiments  is  when  the  fun  is 
1 8°  below  the  horizon,  and  that  when  the 
fun  was  fo  low,  though  the  moon  fhone  ever 
fo  bright,  the  light  was  the  fame  as  in  thtf 
darkeft  room,  which  made  him  cbufe  to  call, 
it  a  no£tiluca. 

It  is  remarkable  that  Cr,  Wall  compares 
the  light  and  the  crackling  of  bis  amber  tp 
thunder  and  lightning  :  fo  early  was  a  fimi- 
larity  between  the  effeCts  of  eleiiricity  and 
lightning  obfcrved.  But  little  was  it  imagiiw 
cd  that  the  refcmblance  between  them  ex- 
tended any  farther  than  to  appearances  and 
cflfe(3:5.  That  the  caufe  was  the  fame  in  both, 
was  a  difcovery  refcrved  for  Dr.  Franklin,  in 
a  much  later  period. 

The  great  Sir  Ifaac  Newton,  though  he  by 
no  means  makes  a  principal  figure  in  thte 
hiftory  of  eleftricity,  yet  made  fome  elec- 
trical obfervations  which  engaged  the  atten- 
tion of  his  philofbphical  friends;  and  whicli, 
independent   . 
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Independent  of  their  being  made  by  him,  do 
Well  deferve'  to  be  tranfmitted  to  pofterity. 
They  feemtofhew,  that  he  was  the  firlhwho 
obfefved,  that  excited  glafs  attracted  Ughs 
bodies  on  the  fide  oppofite  to  that  on  which 
it  was  rubbed. 

Having  laid  upon  the  table  a  round  piece 
of  glafs,    about  two  inches  broad,   in  a  brafs 
ring,  fo  that  the  glafs  might  be  one  eighth  of 
an   inch  from  the  table,  and  there  rubbing 
the  glafs  brifkly,  little  fragments  of  paper  laid 
6n  the  table,  under  the  glafs,  began  to  be  at- 
tracted, and  move  nimbly  to  and  fro.    After 
he  had  done  rubbing  the  glafs,  the  papers 
would  continue  a  confidcrable  time  in  variou* 
motions ;    fometimes  leaping  up  to  the  glafst 
and  reding  there  a  while,  then  leaping  dowa 
and  f  efting  there,   and  then  leaping  up  and 
down   again  ;   and   this    fometimes-  in  lines 
feemingly  perpendicular  to  the  table,  fome- 
times in  oblique   ones;  fometimes  alfo  leap- 
ing up  in  one  arch,  and  leaping  down  in  a,ii- 
other,  divers  times  together,  without  fenfibly 
refting  between ;  fometimes  fkipping  in  abow 
from  one  part  of  the  glafs  to  anothM",  withotiC 
touching  the  table,  and  fometimes  hanging  by 
a  corner,  and  turning  often  very  nimbly,  as 
if  they  had  been  carried  about  in  the  midft  of 
a  whirlwind,  and  being  otherwife   varioufly 
moved,  every  paper  with  a  different  motion. 
trpoA  his  iliding  his  finger  on  the  upper  fide 
of  the  gUfsv  though  neither  the  glafsV  nbir  the 
inclofed  air  beloW,  were  moved,  yet  he  ob- 
ferved,    that  the  papers,  as  they  hung  under 
C  the 
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the  glafs,  would  receive  fome  new  motion,  ia^ 
dining  this  way  or  that,  according  as  he  mov'- 
ed  his  Bnger. 

Some  of  the  motions,  as  that  of  hanging* 
By  a-  comer  and  twirling  about,  and  that  of 
leaping  from  one  part  of  the  glafs  to  another 
witibout  touching  the  table  happened  but  fel- 
dom  ;  but,,  he  fays,  it  made  him  take  the  more 
notice  of  them  *. 

An  account  of  this  experiment  Sir  Ifaac  fent 
to  the  members  of  the  R.  Society  in  the  year 
1675,  defiring  it  might  be  tried  by  them; 
and  after  fome  incffeftual  attempts,  and  re- 
ceiving further  inftrudions  how  lo  make  it, 
they  at  length  fucceedcd,  and  the  thanks  of 
the  focicty  were  formally  returned  to  him  f . 

Upon  repeating  the  experiment  with  fome 
variety  of  circumftances.  Sir  Ifaac  obferves^ 
that  rubbing  varioufly,  or  with  various  things, 
altered  the  cafe.  At  one  time  he  rubbed  a 
glafs  four  inches  broad,  and  one  fourth  thicks 
with  a  napkin,  twice  as  much  as  he  ufed  to 
do  with  his  gown,  and  nothing  would  ftir, 
and  yet  prefently  after,  riibbing  with  fomc- 
thing  elfe,  the  motion  foon  began.  After 
the  glafs  had  been  much  rubbed,  he  thought 
the  motions  were  not  fo  lafling,  and  the  day 
following  he  found  the  motions  fainter,  and 
more  difficult  to  be  excited  than  at  firft  %, 

Sir  Isaac  alfo  mentions  eledbicity  in  two 
queries  annexed  to  his  treatife  on  Optics,  from. 

*  Birck't  Htft.  of  the  K.  Society,  Vol.  j.  p.  a6o,  Itc 
t  lb.  371.  X  Ib-p*  Z70.. 
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'  ^hlch  we  learn^  that  he .  imagined  eleif^rio 
bodies  when  excited  emitted  an  elaftic  fiuidj 
which  freely  penetrated  glafs,  and  that,  the 
femiffion  was  performed  by  the  vibratory  mo^ 
tions  cf  the  parts  of  the  excited  bodies.*^ 


PERIOD      Itj 

*TaZ    EXPERIMENTS     AND    DISCOVERIES    Off 

Mr.  Hauksbee; 

AFTER  Gilbert.  Mr.  BoyI(i,  arid  Otto 
Guericlce,  Mr.  Hauldbee*  who  wrote 
in  the  year  1709.  diftinguiflied  himfelf  by 
fexperiments  and  difcoveries  in  clcflricity.  Ho 
firft  obferved  the  great  electric  power  of  glafsi 
the  light  proceeding  from  it,  and  the  noifft 
bccafioned  by  it,  togetlVer  with  &  variety  of 
phenomena  relating  to  electrical  attrat^on  and 
repalfion.  He  was  indefatigable  in  making 
experiments,  and  there  are  few  perfons  td 
whom  we  are  more  indebted  for  a  real  advance* 
ment  of  tliis  branch  of  knowledge.  This  will 
appear  from  the  following  fuccinia  account 
c^fais  experiments,  related  not  exajfily  in  the 
(H-der  in  ftrfaicli  he  has  publiflied  them,  but 
according  to  their  conneftion^  This  method 
I  have  chofen,  as  beft  adapted  to  give  the' 
moft  diftinft  view  of  thewhote, 

1  SHALL  firft  relate  the  exp3rimcnt8  h« 
iiiade  concerning,  eieiirical  attra&ion  and  re* 

•  NcirtoD*)  Optics,  oflaVo,  p.  314*  tad  jij. 
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fuykn^  m  many  of  which  we  fhall  fee  reajbil 
ttf  admire  his  ingenious  contriTaaces,  anil 
fliall  fee  that  Uttle  was  added  to-  his  obferva- 
ttons,  till  the  capital  diicovery  of  a  plus  and 
minus,  eledricity  by  Br.  Watfon  aad  Dr. 
Franklin,  and  the  farther  illuftration  of  that 
dodrinc  by  Mr.  Canton. 

The  moft  curious  of  his  experiments  con- 
cerning ele<f^cal  attradion  and  repulfion  arc 
Aofe  which  ihew  the  dke&lon  in  which  thofe 
powers  a^  exertedv 

Having  tied  threads  round  a  wire  hoop^ 
and  brought  it  near  to  an  excited  globe  or  cy- 
KndeT}  he  obferved^  that  the  threads  kept  a 
eonQaut  diredion  mwards  die  center  of  the 
globs,  or  towards  fome  point  in  the  axis  of 
the  cylinder,  in  every  pofition  df  the  hoop^; 
that  thia  effed  would  Qootinue  for  about  four 
Biinticea  after  &e  whirling  of  the  globe  cea&dy 
and  that  the  eB^d  was  die  iamerwii^her  the 
wire  waEi  heki  Oxty^  of  under  the. glafe.;  or. 
whether  the  ghifs  wa&  placed  with  its  axir 
parallelt  or  perpendicular  to  the  horizon.. 

Ha  obferved,  that  the  threads  pointing  to^ 
vacds  the  center  of  the  globe  were  attraded' 
and  zqwlled  by  a  finger  prefented  to  them  %. 
that  if  the  finger,  or  any  other  body,  was 
brought  very  near  the  threads,  they  would: 
be  attra^df  but  that  if  it  were  brought  ta 
the  diftance  of  about  an  inch,  they  would  be 
cepelled,  the  reaftm  of  which  dlffetence  he- 
did  not  feem  to  underftand  *. 

*  Fbyfico^Uecliuictl  Ei^erimeatt,  p.  75. 
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He  tied  threads  to  the  axis  of  A  globe  ailcl 
cylinder,  and  found  that  they  diverged  every 
way  in  ftraight  lines  from  the  place  where 
they  were  tied,  when  the  globe  was  whirled 
and  rubbed.  In  both  cafes,  he  fays,  the 
threads  would  be  repelled  by  the  finger  held 
on  the  oppofite  fide  of  the  glafs,  even  witb^ 
out  touching  the  glafs ;  though  they  would 
Sometimes  fuddenly  jump  towards  it  *.  He 
<*ferved  farther,  that  by  blowing  with  his 
mouth  towards  the  glafs,  at  three  or  four  feet 
diftance,  the  threads  would  have  a.  rexj  confi- 
derable  motion  given  to  them. 

He  found  that  threads,  hanging  {reely  in 
an  unexcited  globe,  at  reft,  would  be  mdved 
by  the  approach  of  any  exdted  deftric  at  a 
confiderable  diftaoce,  except  in  moifl  wea- 
ther ;  which  failure  he  accounts  for,  by  fup- 
poflng  tbe  JBoiihire  on  the  furface  of  the  glafs 
prevented  the  free  paffage  of  the  elcdlric 
effluvia  through  it  f. 

.  Th  e  varieties  he  obferved  on  the  appwr- 
ances  and  properties  of  the  eledlric  lights  are 
even  more  curious  and  furprifingthan  his  dif-* 
coveries  concerning  ele^ric  attraction  and 
repulfion;  and  it  is  fomething  remarkable  that 
Mr.  Haukfbee's  tranfition  to  eleflric  light 
was  like  that  of  Dr.  Wall,  viz.  from  the  light 
of  phofphoriis. 

Mr.  Haukjbee  firft  produced  a  confider- 
able  quantity  of    light  by  Ihafcing  quick- 

*  Phyfico-Mechaaica]  Ezparidieatt,  p.  -jt. 
t  ib.  p.  ibo. 
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filver  in  a  glafs  veflel,  out  of  which  the  aUt 
was  exhaufted.'  Sometimes  what  he  calls 
ftrangc  flalhes  of  pale  light  were  feen  dart- 
ing in  a  variety  of  direiftions,  wtien  the  mer-» 
cury  was  put  in  motion  within  an  exhaufted 
receiver  *.  But  the  difcovery  was  probably 
accidental,  and  he  did  not  feemi  at  that  time, 
to  know  the  reafon  of  the  appearance.  He 
called  this  light  the  mercurial  phojphorusy  and 
did  not  confider  the  glafs  ^s  any  way  con- 
cerned in  producing  it, 

Hk  alfo  found,  that  this  appearance  of  eleo 
trie  light  (which  he  ftill  calls  the  mercurial 
phofphorus)  did  not  require  a  very  perfect 
vacuum,  iior  even  a  near ,  approach  to  itf. 
^ay  he  fometimes  produced  that  appearance 
of  light  by  fliaking  mercury  in  a  veflel,  in 
which  the  air  was  of  the  fame  denfity  with 
the  external  atmofphere ;  but  ftill  he  had  no 
idea  of  the  glafs  contributing  to  the  pheno-r 
menon  J. 

He  obferved  a  ftrdng  light  in  vacuo,  and  a 
fmall  one  in  the  open  air,  from  rubbing  am-r 
ber  upon  woollen,  but  feems  to  have  confi- 
'  dered  it  a§  any  hard  body  rubbing  agaiofl  a 
foft  oqe  |[.  He  alfo  obferved  a  vivjd  purple, 
and  afterwards  a  pale  light  produced  by  rub- 
bing glafs  upon  wooljen  in  vacuo  §.  He  fays 
Jhat  every  frefti  glafs  firft  gave  a  purple,  and 
(hen  a  pale  lightr  and  that  woollen  tinctured 


*  PfayGco-Mechaoical  Experiments,  p.  i  %, 
t  lb.  p.  14.  t  lb.  p.  iS. 

P  lb.  p.  20.  f  tb.  p.  3^. 
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■with  fait  or  fpirits  produced  a  new,  ftrong, 
and  fulgurating  light  *. 

In  the  following  experiments  we  find  his 
ideas  of  eleif^ric  light  much  more  diftin^,  and 
the  appearances  the  fame  that  are  ufually  ex" 
hibited  by  our  prefent  electrical  machines, 
the  ftrudture  of  which,  we  fliaU  find  to  be 
nearly  the  fame  with  thofe  which  he  ufed. 

He  provided  himfelf  with  a  machine  in 
which  he  could  whirl  a  glafs  globe ;  and  he 
obferved,  when  the  air  was  extraded  out  of 
it,  that,  upon  applying  his  hand  to  the  globe, 
a  ftrong  light  appeared  on  the  infide,  and, 
upon  letting  in  the  air,  he  obferved  the  light 
on  the  outfide  alfo ;  but  with  fome  very  con- 
fiderahle  difi^erehces  in  its  appearances,  ftrik- 
ing  upon  his  fingers,  and  other  bodies  held 
near  the  globe.  He  alfo  obferved,  upon  this 
occafion,  that  one  fourth  of  an  atmofphere  In 
the  globe  did  very  little  diminilh  the  light 
within.  Jt  U  pleafing  to  obferve,  that  the 
fimilar  appearance  in  this  experiment,  and 
that  with  mercury  in  vacuo  before- mention- 
ed, made  him  fufpedt,  though  only  fufpeift, 
that  the  light  produced  in  the  former  cafe  pro- 
ceeded not  from  the  mercury,  but  from  the 
glafs. 

The  next  experiment  is  of  a  very  delicate 
and  curious  nature.  It  is  not  to  be  wonder- 
ed at,  that  Mr.  Haukfbce  did  not  underftand 
ihe  clrcumftances  which  contributed  to  it,  as 

*  Phyfico-Meclianical  Experimenu,<p.  34. . 
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the  explication  of  it  depends  upon  principlei 
which  were  not  difcovered  till  a  much  Utey 
period  by  Mr^  Canton. 

Holding  an  exhaufted  globe  within  the 
.  effluvia  of  an  excited  one,  he  obferved  a  light 
in  thp  exhaufted  globe,  which  prefently  died 
away,  if  it  was  kept  at  reft;  but  which  wa> 
^vivcd,  and  continued  very  ftrong,  if  the  ex- 
haufted globe  was  kept  in  motion.  Prefent** 
5ng  an  e;shaufted  tube  to  the  eiBuvia  of  a^ 
^cited  globe,  it  produced  what  he  calls  an 
interrupted  ftaftiing  light.  He  imagined  that 
the  exhaufted  globe  was  excited  by  the  attrac- 
tion  of  the  effluvia  from  the  other  globe,  fo 
little  did  he  underftand  the  true  caufe  of  this 
curious  experiment*.  When  he  fays  that 
light  is  producible  by  the  eiHuvia  of  one  glafs 
falling  upon  another,  he  adds;  that  eledlric 
(by  which  he  means  attraflive)  matter,  is  not 
to  be  brought  forth  by  any  fuch  feeble  ftrokes. 
He  had  before  obferved  that,  upon  rubbing 
an  exhaufted  tube,  it  difcovered  no  attraflive 
power,  nor  gave  any  light  outwards,  but 
only  inwards. 

He  found  that  when  the  friflion  was  per* 
formed  in  vacuo,  no  clediricity  (that  is  attrac- 
tion) could  be  produced  -f ;  but  that  though  the 
attr(tSive  quality  required  the  prefence  both 
of  the  external  and  internal  air,  in  order  to 
its  fhewing  itfelf,  yet  the  light  requires  the 
prefence  of  only  one  of  them  in  order  to  its 
appearance ;  for  th^t  either  a  glafs  globe  full 

'  P^Gco-M*cbuical  Experifflents,  p.  Sx. 
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of  4ir  rubbed  m  vacuoy  or  with  its  air  exhaufi- 
1^  and  rubbed  in  pUao^  would  produce  a  very 
coafiderable  light*. 

He  fays  alfo,  that  thofe  lights  are  lefs  fen* 
fibly  affeded  by  the  return  5f  air,  which  ar* 
produced  by  the  attrition  of  exhaufted  glafi 
in  pleno,  than  thofe  which  are  produced  \Jf . 
the  attrition  of  glafs  full  of  air  in  vacuo;  for 
tbatt  in  the  former  cafe,  no  great  alteration 
was  found  in  the  light  or  colour,  until  a  cer* 
tain  quantity  of  air  was  let  into  the  infide  of 
the  exhauiled  glafs;  but  that,  in  the  latter 
cafe,  both  light  and  colour  were  fenfibly 
changed,  upon  every  admiflion  of  air  to  th< 
outfide  of  the  full  glafs  -f*. 

The  greateft  eledric  light  Mr.  Haukfhef 
produced,  was  when  he  enclofed  one  exhauft- 
ed  cylinder  within  another  not  exhauftetj, 
and  excited  the  outennoft  of  them,  putting 
them  both  in  motion.  Whether  their  motions 
confpired  or  not,  he  obferved,  made  no  dif- 
ference. When  the  outer  cylinder  only  was 
in  motion,  he  fays,  the  light  was  very  con«- 
fiderable,  and  fpread  itfelf  over  the  furface 
of  the  inner  glafs.  What  furprifed  him  moft 
was,  that  after  both  glaffes  had  been  in  mo^ 
tion  fome  time,  during  which  his  hand  had 
been  applied  to  the  furface  of  the  outer  glafs, 
the  motion  of  both  ceafing,  and  no  light  at 
all  appearing ;  if  he  did  but  bring  his  hand  ' 
again  near   the  furface  of  the  outer  glala, 

*  Phyfico-MecliaDical  EvperunenM,  P.  348. 
t  lit'  P-  34*. 
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there  would  be  flaflies  of  light,  like  light- 
Ding,  produced  in  the  inner  glafs;  as  if,  he 
fays,  the  effluvia  from  the  outer  glafs  had 
been  pufhed  with  more  force  upon  it  by  means 
of  the  approaching  hand  *.  This  experiment 
was  fimilar  to  thofe  which  he  made  with  the 
excited  and  exhaufted  globe,  and  with  the  ex- 
fcaufted  tube ;  and  his  reafoning  upon  it  (hews, 
that  he  was  Hill  far  from  being  fully  apprized 
of  all  the  cireumftances  attending  this  {a.€t. 

The  next  experiments  which  I  fhall  relate 
of  Mr.  Haukfbee*s,  are  thofe  which  ihew 
the  great  copioufnefs,  and  extreme  fubtllty  of 
eleSric  light.  They  are  really  amazing,  and 
have  not  yet  been  purfucd  in  the  manner 
they  deferve. 

He  lined  more  than  half  of  the  infide  of 
a  glafs  globe  with  fealing  wax,  and  having 
exhaufted  the  globe,  he  put  it  in  motion; 
when,  applying  his  hand  to  excite  it,  he  faw 
the  ftiape  and  figure  of  all  the  parts  of  his 
hand  diftinftly  and  perfedly,  on  the  concave 
fuperficies  of  the  wax  within.  It  was  as  if 
there  had  only  been  pure  glafs,  and  no  wax 
interpofed  between  his  eye  and  his  hand.  The 
Jining  of  wax,  where  it  was  fpread  the  thin- 
neft,  would  but  juft  allow  the  fight  of  a  candle 
through  it  in  the  dark;  but  in  fome  places 
the  wax  was,  at  leail,  one  eighth  of  an  inch 
thick;  yet  even  in  thofe  places,  the  light  and 
the  figure  of  his  hand  were  as  diftinguifh- 
able  through  it,  as  any  where  elfe.     Nay 

t  PhylicO' Mechanical  Eipenincntt,  p.  87. 
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though,  in  fome .  places,  the  fealing  wax  did 
not  adhere  fo  clofely  to  the  glafs  as  in  others, 
yet  the  light  on  thefe  appeared  juft  as  on  the 
reft  *. 

These  experiments  fucceeded  equally  with 
pitch  inftead  of  fealing  wax.  And  he  ob- 
ferved,  that  when  the  air  was  let  into  the 
glafs,  every  part  of  it,  the  lined  part  and  the 
unlined,  feemed  to  attrad  with  equal  vigour f. 
Melted  flowers  of  fulphur  had  no  fuch  efFeft, 
but  common  fulphur  anfwered  as  wel!  as  feal- 
ipg'iwax,  or  pitch.  In  both  thefe  laft  experi- 
ments the  fulphur  was  found  to  have  been 
Separated  from  the  glafs  f. 

Using  a  large  quantity  of  common  fulphur 
in  the  fame  manner,  the  light  in  the  inllde 
was  four  times  as  great,  but  the  figure  of  his 
fingers  was  not  fo  diftinguiihable  as  in  the 
former  cifes.  He  lifcewife  obferved,  that 
on  the  part  near  the  axis,  where  the  fub- 
ftance  of  the  fulphur  was  the  grcateft,  no  light 
Was  produced ;  which  he  attributed,  chief- 
ly, to  the  flownefs  of  the  motion  in  that 
place  §. 

Upon  the  admiffion  of  a  fmalt  quantity  of 
air  into  the  globe,  thus  partially  lined  with 
fealing  wax,  the  light  wholly  difappeared  on 
the  part  covered  with  the  wax,  but  not  on 
the  other. 

He  alfo  obferved,  that  when  all  the  air 
was  let  in,  and  the  hoop  of  threads  before- 

*  Ph^fico-Medtanical  Experiment),  p.  i68. 
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mentioned  held  over  the  glais,  the  thread* 
were  attraded  at  greater  diftances  by  the  part 
which  was  coated  with  the  wax  than  by  the 
other :  when  all  the  air  was  exhau{ted>  he 
fays,  the  wax  would  attra<^  bodies  placed 
near  the  out-fide  of  the  glafs ;  that  ev^a  ia 
this  cafe,  the  threads  prcferved  their  ceatral 
direftion,  though  not  fo  vigoroufly  as  when 
the  air  was  let  in ;  but  that  they  would  not 
be  attraded  at  all,  when  there  was  no  wax 
OQ  the  infide  of  the  exhaufted  globe. 

Ms.  Hauksbbb  was  not  unattentive  tp 
the  found  made  by  the  emiilion  of  the  ele^c 
effluvia,  or  to  the  manner  in  which  it  affcftr 
cd  the  fenfe  of  feei/ng.  He  obferved,  that 
when  an  excited  tube  of  glafs  attra»^ed  vari- 
ous bodies,  and  threw  light  upon  them,  as 
they  were  held  near  it,  a  noife,  which  he 
calls  a  /napping^  was  likewise  heard.  He 
alfo  fays,  that  the  rubbed  tube,  held  near  tha 
face,  gave  a  feeling,  as  if  fine  hairs  had  been 
drawn  over  it;  and  when  he  repeated  the  ex- 
periment of  whirling  and  rubbing  the  glafs 
globe,  he  obfer\'ed  the  light  to  proceed  from 
it  with  fome  noife,  and  to  make  a  kind  of 
prefiure  upon  the  finger,  when  it  was  held 
within  half  an  inch  of  it  *. 

Nor  was  Mr.  Haufcefbee's  attention  con* 
fined  to  the  eleflric  power  t^i gbfs.  He  made 
experiments  with  a  globe  of  fialing  "wax^  in 
the  center  of  which, was  a  globe  of  wood; 
from  which  he  concluded,  that  the  eleAridty 

*  PhfCctt' Mechanical  Ejcperimenit,  p.  65. 
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of  fealing  wax  was,  m  general  the  fame  witb 
thai  of  gkfs,  but  differeat  from  it  in  degree. 
He  could  not  m£(ke  any  light  adhere  to  ht& 
finger  when  prcfented  to  the  exerted  fealing 
wax,  any  more  than  when  it  was  prefented 
to  an  exhaufled  and  excited  globe  of  glafs. 

He  provided,  hrmfdfi  in  like  manner,  with 
a  globe  of  fiilphnr,  and  another  of  rofift  with 
a  mixture  of  brick  duft,  but  the  fulphur  could 
hardly  be  excited  at  all ;  whereas  the  rofin  adt- 
ed  more  powerfully  than  the  fealing  wax  hid 
done.  This  he  afcribedto  itsbcing  ufed  while- 
it  was  warm :  for,  in  the  fame  warm  itate, 
it  attra^ed  leaf  brafs  without  any  attrition  ai 
all  •. 

He  (ays,  that  the  excited  Yoiin  g^e  no 
tght  m  the  dark,  and  the  fulphur  but  little  f. 

With  relpeit  to  the  power  of  eleSricity  in 
general,  he  obferved,  that  a  flight  fridion  was 
nifficient  to  excite  it,  and  that  a  greater  pref^ 
iiirc,  Of  a  more  violent  motion  did  not  con- 
fiderably  increafe  Lt;}:.  He  fays,  that  all  the 
phenomena  of  elefltricity  were  improved  by 
wanotb;  and  dlminifhed  by  moiflure  ;  whiclt 
\e  attributed  to  the  refiftaoce  that  tlie  aque- 
ous particles  gave  to  the  effluvia;  and,  like 
Mr.  Boyfe^  and  others  before  him,  he  was  con- 
firmed in  tliia  hypothefis,  by  finding,  that 
ihe  interpofitioa  of  linen  cloth  prevented  any 
cffcda  from  being  obferved  beyond  it. 


*  Phyfico-MccbMicil Experiments  p.  i$i. 
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He  alfo  obferved,  that  when  the  tube  wa* 
filled  with  other  matter  than  air,  as  with  dry 
writing  fand  (which  he  adually  ttied)  the  at- 
tractive power  of  the  eiBuvia  was  conliderably 
abated ;  but  he  did  not  know  what  kind  of  bo- 
dies would  produce  that  effe  'A.  He  himfelf 
obferves,  that  he  found  the  elei^rlc  virtue  of 
a  folid  cylinder  of  glafs  to  be,  not  indeed  quite 
fo  ftrong  as  that  of  a  hallow  tube,  but  more 
.  permanent  *. 

That  Mr.  Hauklbce,  after  all,  had  no 
clear  idea  of  the  diAin(flion  of  bodies  intc 
eledrics  and  non-eledrics,  appears  from'fome 
of  his  laft  experiments,  in  which  he  attempt- 
ed to  produce  ele^ric  appearances  from  me- 
tals, and  from  the  reafons  he  gives  for  bis 
want  of  fuccefs  in  thofe  attempt?.  "  From 
**  thefe  experiments,"  he  fays,  "  I  may  lafe-, 
"  ly  conclude,  that  if  there  he  any  fuch 
**  quality  as  light  to  be  excited  from  a  brafs 
**  body,  under  the  forementioned  circum- 
"  ftances,"  viz.  of  whirling  and  rubbing^ 
**  all  the  attrition  of  the  fevcral  bodies  I  have 
*'  ufed  for  that  purpofe,  have  been  too  weak 
**  to  force  it  from  it.  And  ihde'ed,  cdn- 
**  fidering  the  clofenefs  of  the  parts  of  metafs, 
"  and  with  what  firmriefs  they  adhere,  en- 
**  tangle,  and  attra3  one  another,  a  finaft 
"  degree  of  attrition  is  not  fufficient  to  put 
**  their  parts  into  fuch  a  motion  as  to  pro-* 
**  duce  ian  eleftricat  quality,  which  quality^ 
"  under  the  forementioned   circumftances,  t 

*  Phjfico-MedAnicil  ExpeiimenQi  p.  6f. 
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**  take  to  be  the  appearance  of  light  in  fuch  a 
**  medium." 

Con s  ip e  r  I n g  what  great  fuccefs  Mr, 
Haukfbee  had  with  his  globe  of  glafs,  and 
kis.  machine  to  give  motion  to  it^  it  is  furprif- 
ing  that  the  ufe  of  it  fhould  have  been  fo  long 
difcontinued  after  his  death..  To  this  circum- 
ftance  we  may  perhaps,  in  a  great  meafure, 
afcribe  the  flow  progrefs  that  was  afterwards 
made  in  eledlrical  difcoveries.  Mr.  Haukfbee*s 
fucceflbrs  confined  themfelves  to  the  ufe  of 
tubes.  I  fuppofe  becaufe  they  were  lighter, 
more  portable*  and  m6re  eafily  managed  in 
the  experiments  which  they  chiefly  attended 
to :  but  the  ufe  of  the  globe  would  certainly 
have  put  them  much  fooner  in  the  way  or 
miking  the  capital  difcoveries,  which,  were 
afterwards  made  in  eleflricity. 


PERIOD 
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PERIOD     m. 

Tftr    tXPERIMEHTS     AND     DISCOVERIES    OP 

Mr.  STEPHEN  GREY,  which  webb 
HADE  PRIOR  TO  THOSE  OP  Monsieur  do 

fAYi   AKD   WHICH  BRING   THE   HISTORY 
•F  El-BCTRICITY  TO  THE  YEAR  1733. 

NOTWITHSTANDING  thc  important  dil^ 
coverie»  of  Mr.  Haukfbee,  and  the  pro- 
miling  appearance  they  made,  as  an  opening 
to  farther  dlfcoTerics,  we  find,  after  him,  a 
great  chafm  in  the  hiAory  of  eleftricity,  aa 
interruption  of  difcoverieS)  and,  as  far  as^  we 
can  learn,  of  experiments  too,  for  the  fpace 
of  near  twenty  years ;  and  at  a  time  when  phi- 
lofophical  knowledge  of  every  other  kind  wa» 
making  the  moft  rapid  progrcfs,  under  the 
aufpices  of  the  great  Sir  liaac  Newton.  But 
the  attention  of  this  great  man  happened  to  be 
engaged  by  other  fubjedB,  and  this  very  cir- 
cumstance might  be  the  reaiba  why  the  atten^ 
tion  of  other  philoibphers  were  alfo  diverted, 
from  ele^ricity. 

After  this  long  interval,  commences  a  new 
aera  in  the  hiftory  of  eledricity ;  in  which  wc 
fitall  have  the  works  of  another  labourer  in 
this  new  field  of  philofophy  to  contemplate, 
viz.  Mr.  Stephen  Grey,  a  penfioner  at  the 
Charter  Houfe.  No  person  who  ever  applied 
.  to  this  Jbidy  was  more  afliduoua  in  making 
expe^rcien^,  or  had  his  heart  more  intirely 
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in  the  work.  This  wiU  appear  by  the  pro* 
digious  number  of  experiments  he  made,  ahd 
fome  confiderable  difcoveries  with  which  his 
perfeverance  was  crowned;  as  well  as  by  the 
felf-deceptions,  to  which  his  paffionate  fond- 
hefs  for  new  difcoveries  expofed  him. 

Before  theyear  1728,  Mr.  Stephen  Grey 
had  often  obferved,  in  eieftrical  experiments 
made  with  a  glafs  tube,  and  a  down  feathet 
tied  to  the  end  of  a  fmall  ftick,  that,  after  its 
fibres  bad  been  drawn  towards  the  tube,  they 
would,  upon  the  tube*s  being  withdrawn,  cling 
to  the  ftick,  as  if  it  had  been  an  elefliric  bo- 
dy, or  as  if  there  had  been  fome  eleiflricity 
communicated  to  the  ftick,  or  to  the  feather. 
This  put  him  upon  thinking,  whether,  if  the 
feather  were  drawn  through  his  fingers,  it 
might  not  produce  the  fame  effeft,  by  acquir- 
ing fome  degree  of  cleftricity.  .This  experi- 
ment fucceeded  accordingly,  upon  his  firft 
trial ;  the  fmall  downy  fibres  of  the  feather 
being  attrafted  by  his  finger,  when  held  near 
it ;  and  fometimes  the  upper  part  of  the  feather 
with  its  ftem  would  be  attra^ed  alfo. 

It  will  be  obvious  to  every  eleflrician,  that 
the  fuccefs  of  this  experiment  depended  upon 
other  principles,  than  thofe  to  which  he  had 
a  view  in  making  it.  Proceeding,  however, 
in  the  fame  manner,  he  found  the  following 
fubftances  to  be  all  eleftric ;  hair^  Jtlk-,  linen., 
woollen,  paper,  leather,  ivooil^  parchment;  and 
ox  gui  in  which  leaf  gold  had  been  beaten. 
He  made  all  thefe  fubftances  very  warm,  and 
fome  of  them  quite  hot  before  he  rubbed  them. 
X>  He 
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He  found  light  emitted  in  the  dark  by'  die 
filfc  and  the  linen,  but  more  efpeciaHy  by  a 
piece  of  white  prejfing  paper,  which  is  of  the 
fame  nature  with  card  paper.  Not  only  did 
this  fubftance,  when  made  as  hot  as  his  fingers 
could  bear,  yield  a  light ;  but,  when  his  fingers 
were  held  near  it,  a  light  ifiued  fcom  them 
alfo,  attended  with  a  crackling  noife,  like  that 
produced  by  a  glafs  tube,  though  not  at  fo 
great  a  diftancc  from  the  fingers  *. 

The  preceding  experiments  bring  us  to  the" 
eve  of  a  very  confiderable  difcovery  in  cletSrl" 
city,  viz,  the  communication  of  that  power 
from  native  eleiJirics,  to  bodies,  in  which  it  is 
not  capable  of  being  excited;  and  allb'to  a 
more  accurate  diftin<Sion  of  eleilrics  from 
non-e1ed%rics.  I  ihall  relate  the  manner  is 
.which  thefe  important  difcoveries  were  made 
pretty  fully,  but,  at  the  fame  lime,  as  fuc- 
cin£tly  as  poffible. 

In  the  month  of  February,  1729,  Mf.  Grey, 
after  fome  fruitlefs  attempts  to  make  metate 
attraftive,  by  heating,  rubbing,  and  ham- 
mering, recollected  a  fufpicion  which  he  had 
fome  years  entertained ;  that,  a&  a  tube  com- 
municated its  light  to  various  bodies  when 
it  was  rubbed  in  the  dark,  it  might  poflibly, 
at  die  ^me  time,  communicate  an  eleiflricity 
to  themr  by  which  had  hitherto  been  undec- 
ftood  only  the  power  of  attrading  light  bo- 
dies. For  this  purpofe  he  provided  himfelf 
with  a  tube  three  feet  five  inches  long,  and 

*  PhUofffphicd  TranlkakiDi  kbiidged.  Vol.  viii.  p.  9. 
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tifcir  one  inch  and  two  tenths  in  diameter ;  and 
to  each  end  was  fitted  a  cork,  to  keep  the  duft 
out  when  the  tube  was  not  in  ufe. 

The  firft  experiments  he  made  upon  this 
toccafion  were  intended  to  try,  if  he  could  find 
any  difference  in  its  attraQion  when  the  tube 
was  flopped  at  both  ends  by  the  corks,  and 
when  left  entirely  open ;  but  he  could  per- 
ceive no  fenfible  difference.  It  was,  however^ 
in  the  courfe  of  this  experiment  thati  hold- 
ing a  down  feather  over  againft:  the  upper 
end  of  the  tube,  he  found  that  it  would  fly 
to  the  eorki  being  altradled  and  repelled  by 
it,  as  well  as  by  the  tube  idelf.  He  then  held 
the  feather  over  againft  the  fiat  end  of  the 
cork,  and  obferved,  that  it  was  attraified  and 
repelled  many  times  together ;  at  which,  he 
fays,  he  was  much  furprifed,  and  concluded^ 
that  there  was  certainly  an  attradive  virtw 
tommunicated  to  the  cork  by  the  excited  tube. 

He  then  fixed  an  ivory  ball  upon  a  ftick 
of  fir,  about  four  inches  long;  when,  thruft- 
ing  the  other  end  into  the  cork,  he  foundt 
that  the  ball  attradied  and  repelled  the  feathery 
even  with  more  vigour  than  the  cork  had 
•done*  repeating  its  attradions  and  repuifions 
many  times  fucceffively.  He  afterwards  fix- 
ed the  ball  upon  long  fticks,  and  upon  pieces 
of  brafs  and  iron  wire,  with  the  fame  fuccefs  J 
but  he  obferved,  that  the  feather  was  never  fo* 
ftrongly  attrafted  by  the  wire,  though  it  were 
held  very  near  the  tube,  as  by  the  batl  at  the 
end  of  it.  -  , 
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When  a  wire  of  any  confiderablc  length 
was  ufedj  its  TibrationS}  caufed  by  the  adion 
of  rubbing  the  tube,  made  it  troublefome  to 
manage.  This  put  Mr  Grey  upon  thinking  , 
whether,  if  the  ball  were  hung  to  a  pact- 
thread,  and  fufpeuded  by  a  loop  on  the  tube^ 
the  eleiSricity  would  not  be  carried  down  the 
line  to  the  ball;  and  he  found  it  to  fucceed 
according  to  his  expeiftation.  In  this  manner 
he  fufpended  various  bodies  to  his  tube,  and 
found  all  of  them  to  be  capable  of  receivings 
clcftricity  in  the  fame  manner. 

After  trying  thcfc  experiments  with  thff 
longeft  hght  canes  and  reeds  that  he  could 
conveniently  ufe,  he  afcended  a  balcony  twen- 
ty-fix feet  high ;  and,  fattening  a  firing  to 
his  tube,  he  found,  that  the  ball  at  the  end 
of  it  would  attraft  light  bodies  in  the  court 
below. 

He  then  aicended  to  greater  heights,  and 
by  putting  his  long  canes  in  the  end  of  his 
tube,  and  fattening  a  long  firing  to  the  end 
of  the  canes,  he  contrived  to  convey  the  elec- 
tricity to  much  greater  diftances  than  he  had 
done  before ;  till,  being  able  to  carry  it  no 
farther  perpendicularly,  he  next  attempted  to 
carry  it  horizontally ;  and  from  thefe  attempts 
arofe  a  difcovery,  of  which  he  was  not  in  the 
leaft  aware  when  he  began  them. 

In  his  firft  trial  he  made  a  loop  at  each 
end  of  a  packthread,  by  means  of  which  he 
fufpended  it,  at  one  end,  on  a  nail  driven  in- 
to a  beam,  the  other  end  hanging  downwards- 
Through  the  loop  which  hung  down,  he  put 

the 
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the  line  to  which  his  ivory  ball  was  faftened, 
fixiag  the  other  end  of  it  by  a  loop  on  his 
^be ;  fo  that  one  part  of  the  line,  along 
which  the  electricity  was  to  be  conveyed,  viz. 
Ithat  to  which  the  ball  was  faftened,  hung 
perpendicular,  the  reft  of  the  line  lay  hori- 
zontal. After  this  preparation,  he  put  the 
leaf  Iwafs  under  the  ivory  ball,  and  rubbed 
the  tube,  but  not  the  leafl  lign  of  attradion 
wae  perceived.  Upon  this  he  concluded,  that 
when  the  eleSric  virtue  came  to  the  loop 
of  the  packthjfeadj  which  was  fufpended  ort 
idle,  beam,  it  went  up  the  fame  to  the  beam ; 
ia  that  none,  or  very  little,  of  it  went  down 
to  the  ball ;  and  he  could  not,  at  that  time, 
think  of  any  method  to  prevent  it. 

On  Jmac  the  30th,  1729,  Mr.  Grey  paid  a- 
Tifit  to  Mr.  Wheeler,  to  give  him  a  fpecimen 
of  his  experiments ;  when,  after  having  made 
them  from  the  greateft  heights  which  the 
houfe  would  admit,  Mr.  Wheeler  was  defirous 
of  trying  whether  they  could  not  carry  the 
eledlric  virtue  to  a  greater  diftance  horizon- 
tally. Mr.  Grey  then  told  him  of  the  fruitlefs 
attempt  he  had  made  to  convey  it  in  that  di- 
fediion  t  upon  which  Mr.  Wheeler  propofed' 
to  fufpend  the  line  to  be  eledirified  by  another 
ofT?/*,  inftead  of />(i(:^MrW;  and  Mr.  Grey 
told  him,  it  might  do  better,  on  account  of 
its  fmalinefs ;  as  lefs  of  the  virtue  would  pro- 
bably pafs  off  by  it  than  had  done  by  the  thick 
hempen  line,  which  he  had  ufed  before.  With 
this  expedient,  they  fucceeded  far  beyond 
their  expedations. 

D  3  The 
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The  firft  experiment  they  made  after  this 
expedient  occurred  to  them,  was  in  a  mat- 
ted gallery  at  Mr.  Wheeler's  houfe,  July  2d, 
J729,  aboat  ten  o'clock  in  the  morning,  as 
.Mr.  Grey,  after  his  ufual  manner*  has  mi-r 
nutely  recorded  it.  About  four  feet  from 
the  end  of  the  gallery,  they  faftened  a  line 
acrofs  the  place.  The  middle  part  of  this 
line  was  filb,  the  reft  pack  thread.  They 
then  laid  the  line  to  which  the  ivory  ball 
was  hung,  by  which  the  electric  virtue  was 
to  be  conveyed  to  it  from  the  tube,  antj  whicb 
ivas  eighty  feet  and  a  half  in  length,  acro& 
this  filken  line,  fp  that  the  ball  hung  about 
nine  feet  below  it.  The  other  end  of  the 
line  was,  by  a  loop,  faftened  to  the  tube, 
which  they  excited  at  the  other  end  of  the 
room.  After  this  preparation,  they  put  tho 
leaf  brafs  under  the  ivory  ball,  and,  upon 
rubbing  the  tube,  it  was  attradted,  and  kept 
iufpended  for  fome  time. 

The  gallery  not  permitting  them  to  go 
any  greater  lengths  with  a  fingle  line  of  com- 
munication, they  contrived  to  return  the  iine,  , 
making  the  whole  length  of  it  almoft  twice 
that  of  the  gallery,  or  about  one  hundred  and 
forty-feven  feet,  which  anfwered  very  well. 
But,  fufpedting  that  the  attraflion  would  be 
ftronger  without  doubling  or  returning  the 
line,  they  made  ufe  of  a  line  one  hundred 
and  twenty-four  feet  long,  running  in  one 
dirciftion  in  the  barn ;  and,  as  they  expetJi- 
cd,  they  found  the  attradioix  ftronger  thaA 
-  v^hea 
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vhea  the  line  had  been  returned  in  the  gal- 
lery. 

July  the  3d,  proceeding  to  make  more  re- 
turns of  the  line,  the  filk  which  fupported 
it  h^pened  to  break,  not  being  .able  to  bear 
the  weight  of  it,  when  fhakca  with  the  mo- 
tion that  was  g^ven  to  it  by  rubbing  the  tube. 
Upon  this  they  cndcaTourcd  to  fupport  it  by 
a  iinall  iron  wire,  inftead  of  the  filken  ftring ; 
but  this  alfo  breaking,  they  made  ufe  of  a 
brafs  wire  a  little  thicker.  But  this  brafs  wire, 
though  it  fupported  the  line  of  communica- 
tion very  well,  did  not  anfwcr  the  purpofe  of 
thefe  young  electricians :  for,  upon  rubbing 
the  tube,  ao  eleilricity  was  perceived  at  the 
end  of  the  line.  It  had  all  gmie  off  by  the 
brafs  wire  which  fupported  it.  They  had 
recourfe  to  brafs  wires,  as  being  'ftronger  than 
their  filken  lines,  and  no  thicker ;  for  the  fame 
reafon  that  they  had  before  ufed  filken  lines  in 
preference  to  hempen  fixings ;  becaufe  they 
could  have  them  flronger,  and  at  the  fame 
time  fraaller.  But  the  refult  of  this  experi- 
ment convinced  them,  that  the  fuccefs  of  it 
depended  upon  their  fupporting  lines  being 
^/^t  and  not,  as  they  had  imagined,  upon 
their  heiagf/aa//.  For  the  eleftric  virtue  went 
off  as  effe^ually  by  the  fmall  brafs  wire,  as  it 
had  done  by  the  thick  hempen  cordr 

Being  obliged,  therefore,  to  return  to  their 
filken  lines,  they  contrived  them  to  fupport  ' 
very  great  lengths  of  the  hempen  line  of  com- 
munication; and  actually  conveyed  the  elec- 
tric virtue  feven  hundred  and  fixty-five  feet, 
P  4  nor 
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nor  ny^  tbey  perceive  that  the  effeft  was  fen- 
fibly  diminilhed  by  the  diftance  *. 

In  the  fame  manner  in  whiph  jf/i  was  found 
to  be  a  rion-^onduflor,  it  is  probable  that, 
about  the  fame  time,  hatr^  rojin^  P^fh  ^^^d 
perhaps  fome  other .  eledric  fubftances,  were 
found  to  have  the  fame  property,  though  the 
difcovery  be  no  where  particularly  men* 
|ioned :  for  we  fliall  prefently  find  Mr.  Grey 
making  ufe  of  them,  to  infulate  the  bodies 
which  he  ele£trified. 

Aftek  this,  Mr.  Grey  andhis  friend  amuft 
ed  themfelves  with  trying  how  large  furfiicet 
might  be  impregnated  with  the  ele<3ric  e£3u-« 
via ;  ele<flrifying  a  large  map,  table  cloth,  &c. 
They  alfo  carried  the  eledric  virtue  feveral 
ways  at  the  fame  time,  and  to  a  confiderable 
diftance  each  way. 

The  magnetic  effluvia,  they  found,  did  not 
in  the  leaft  interfere  with  the  eleiftric  ;  for 
when  they  had  electrified  the  load  lione,  witit 
ft  key  hanging  to  it,  they  both  attra^ed  leaf 
brafs  like  other  fubftances. 

Some  time  after  this,  Mr.  Wheeler,  in 
the  ahfencc  of  Mr.  Cirey,  eleftrificd  a  red- 
bot  poker,  and  found  the  attraftion  to  be  the 
fame  as  when  it  was  cold.  He  alfo  fufpendrr 
cd  a  live  chicken  upon  the  tube  by  the  legs, 
and  found  the  fcreaft  of  it  ftrongly  eledri- 
fait,      ■ 

•  PhU.  Tranf.  abfidMi},  Vol.  viL  p.  15. 
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In  Auguft,  »729»  Mr.  Grey  adTanced  one 
ftep  farther  in  his  eleftrical  operations.  He 
found  that  he  could  convey  the  ele^ric  vir- 
tue from  the  tube  to  the  line  of  communica- 
tion without  touching  it}  and  that  holding 
the  excited  tube  near  it  was  fuflficient.  Re- 
peating his  former  experiments  witfa  this  va- 
riation, in  conjunftion  with  Mr.  Wheeler, 
and  among  others,  carrying  the  eletf^ric  vir- 
tue feveral  ways  at  the  fame  time  without 
touching  the  line,  they  always  obferved,  that 
the  attraction  was  ftrongeft  at  the  place  which 
was  nioft  remote  from  the  tube ;  a  fad  which 
they  might  have  obferved,  if  they  had  at- 
tended to  it,  in  their  former  experiments  *. 

Some  time  in  the  fame  month,  Mr  Wheeler 
;uid  Mr.  Grey  in  conjunfti<Hi  made  fome  ex- 
periments, in  order  to  try  whether  the  elec- 
tric attradion  was  in  proportion  to  the  quan- 
tity of  matter  in  bodies;  and  with  this  view 
they  electrified  a  folid  cube  of  oak,  and  an- 
other of  the  iamc  dimenfions  which  was  hol- 
low ;  but  they  could  not  perceive  any  diffe- 
rence in  their  attradive  power ;  though  it  was 
Mr.  Grey's  opinion,  that  the  eleSric  eflSuvia 
paiTed  through  all  the  parts  of  the  foUd 
pube-f.  , 

On  the  13th  of  Auguft  in  the  fame  year, 
Mr.  Grey  made  another  improvement  in  his 
eledrical  apparatus,  by  finding  that  he  could 
pkflrify  a  re*/,  as  well  as  a  thready  without 

»  Pbil.  TrBiif,  ■bridged,  Vffl.  *ii.  p.  17. 
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inferdng  any  part  of  it  into  his  excited  ti^. 
He  took  a  large  pole  twcnty-feven  feet  long, 
iwo  inches  and  onehalf  indiameteratoneer.d, 
and  one  inch  and  one  half  at  the  other.  It 
was  a  fort  of  wood  which  is  called  horfe-beach, 
and  had  its  rind  on.  This  pole  he  fufpended 
horizontally  by  hair  lines,  and  at  the  fmall 
end  of  the  pole  he  hung  a  coFk*  by  means  of 
a  packthread  about  one  foot  long,  and  put  a 
iinall  leaden  ball  upon  the  cork,  to  keep  the 
packthread  extended.  Then  the  leaf  brafs 
being  put  under  the  cork,  the  tube  rubbed, 
and  held  ne^r  the  larger  end  of  the  pole,  the 
cork  ball  at  the  oppoftte  end  attrai^ed  the  leaf 
brafs  ftrongly,  to  the  height  of  an  inch  or 
more.  Mr.  Grey  alfo  obferved,  that  though 
the  leaf  brafs  'w^as  attracted  by  any  part  of  the 
pole,  it  was  not  nejir  fo  ftrongly  as  by  the 
cork*. 

About  the  beginning  of  September,  Mr. 
Grey  made  experiments,  to  fhew  that  the 
eledric  effluvia  might  be  carried  in  a  circle, 
as  well  as  along  lines,  and  be  communicated 
from  one  circle  to  another ;  and  alfo  that  it 
might  be  done  whether  the  circlca  ^crc  verti^ 
cal,  or  horizontal. 

About  the  latter  end  of  autumn,  or  the 
beginning  of  winter  1729,  Mr.  Grey  refum- 
ed  his  inquiries  after  other  clerical  bodies, 
and  found  many  more  to  have  the  fame  pro- 
perty, but  he  mentions  only  the  dry  leaves  of 
feveral  trees ;  from  whence  he  concluded,  that 

*  Pliil  Trur.  abridged,  Vol.  vii.  p.  18. 

the 

n,gN.«JrvGOOglC 


o  F    Mr.    grey.  43 

the  leaves  of  all  vegetables  had  that  attradive 
"virtue*. 

We  are  now  advanced  to  a  new  fcene  of 
Mr.  Grey's  eledlrical  experiments,  viz.  upoa 
fluids^  and  upon  animal  bodies.  Having  no  other 
method  of  trying  whether  any  fubftances 
could  have  the  ele^ric  virtue  Qommuni- 
cated  to  them,  but  by  making  them  raife  light 
bodi^  placed  upon  a  Hand  under  them, ,  it 
may  eafily  be  imagined,  that  he  could  not 
■well  contrive  to  put  a  fluid  body  into  that  fi- 
tuation.  The  only  thing  that  Mr.  Grey  could 
do  in  this  way,  vras  to  make  ufe  of  a  bubble* 
in  which  form.a  fluid  i$  capable  of  being  held 
in  a  ftate  of  fufpenfion.  Accordingly  oa 
March  23d  and  25th,  1730,  he  diflblved  foap 
in  Thames  water,  and  fufpending  a  tobacco 
pipe,  he  blew  a  bubble  at  the  head  of  it;  and, 
bringing  the  excited  tube  near  the  fmall  end, 
he  found  the  bubble  to  attrad  leaf  brafs  to 
the  height  of  two,  and  of  four  inches  -f. 

April  the  8th,  1730,  Mr.  Grey  fufpended 
a  boy  on  hair  lines  in  a  horizontal  pofition, 
juft  as  all  electricians  had,  before,  been  ufed 
(o  fufpend  their  hempen  lines  of  communica- 
tion, and  their  wooden  rods;  then,  bringing 
the  excited  tube  near  his  feet,  he  found  that 
the  leaf  brafs  was  attracted  by  his  head  with 
much  vigour,  fo  as  to  rife  to  the  height  of 
eight,  and  fometimes  of  ten  inches.  When 
the  leaf  brafs  was  put  under  his  feet,  and  the 
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tqbe  brought  near  his  head,  the  attraflioa  was 
fmall ;  and  when  the  leaf  brafs  was  brought 
under  his  head,  and  the  tube  held  over  it, 
there  was  no  attraction  at  all.  Mr.  Grey  does 
not  attempt  to  af£gn  any  reafcm  for  thefe  ap* 
pearances.  It  was  not  till  many  years  after 
this  time,  that  the  influence  of  points  in  re* 
ceiving  and  emitting  the  eledric  efBuvia  was 
obferred.  While  the  boy  was  fufpended,  Mr, 
Grey  amufed  hnnfelf  with  making  the  elec* 
tricity  operate  in  fevcral  parts  of  his  body,  at 
the  fame  time ;  and  at  the  end  of  long  rods, 
which  he  made  him  hold  in  his  hands,  and 
in  diverfifyiing  the  experiment  feveral  othot 
ways  *. 

It  is  curious  to  obferve  the  influence  which 
Mr.  Grey  makes  firom  tbefe  experiments.  By 
them,  fays  he,  we  fee,  that  animals  receire 
agreater  quantity  of  ele£lric  fluid  than  other 
bodies;  and  that  it  may  be  conveyoi  froni 
them  feveral  ways  at  the  fame  time,  to  confi-* 
derable  diflances.  He  had  no  idea  that  the 
bodies  of  animals  receive  cleflricity  only  by 
means  of  the  moiifture  that  is  in  them,  an4 
that  this  hempen  Hue  of  communication, 
and  his  wooden  rods  could  mit  have  been 
eledrified  at  all,  if  they  had  be^n  pcrfeftly 
dry. 

Im  all  thefe  experiments  Mr.  Grey  obferv- 
ed,  that  the  leaf  brafs  was  attradied  to  a  much 
greater  height  from  the  top  of  a  narrow  ftand 
than  from  the  table;  and,  at  leafl,  three  time» 

•  Phif.  Tranf.  abridged.  Vol.  vii.  p.  ao. 
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bigfaer  thaa  when  it  was  laid  on  the  floor  of  " 
the  room. 

About  this  time  Mr.  Grey  communicated 
to  the  Royal  Society  his  fufpicion,  that  bodied 
attraded  tnore  or  Ids  according  to  their  toloury 
though  the  fubftance  was  the  iame,  and  the 
weight  and  fize  equal.  He  fays,  he  found  red, 
orange,  and  yellow  attra£ted  at  leaft  three 
or  four  times  Aronger  than  green,  blue,  or 
purple  \  but  he  forbore  communicating  a  more 
particular  account  of  them,  tilt  he  had  tried  a 
more  accurate  piethod  which,  he  fays  he  had 
thought  of,  to  make  the  experiments.  The 
communication,  however,  was  never  made'. 
The  thing  itfelf  was  only  a  deception,  as  will 
be  {hewn  in  fome  fubfequent  experiments 
made  by  Mon6eur  du  Fay  *. 

Mr.  Grey,  having  found  that  he  could 
communicate  etedricity  to  a  bubble'  of  foap 
and  water,  was  encouraged  to  attempt  com-^ 
municating  it  to  water  itlelf.  In  order  to  this, 
he  eledh-ified  a  wooden  dilh  full  of  water, 
placed  on  a  cake  of  roiin,  or  a  pane  of  gtafs, 
and  obferved,  that  if  a  fmall  piece  of  thready 
a  narrow  flip  of  thin  paper,  or  a  piece  of  ftieet 
■glafs  was  held  over  the  water,  in  an  horizon*- 
tal  pofition,  at  the  diftanceof  an  inch  orfome- 
thing  more,  they  would  be  attraded  to  the 
lurface  of  the  water  and  then  repelled;  but 
■he  imagined  that  thefe  attraftions  and  repul- 
fions  were  not  repeated  fo  often  as  they  would 
have  been,  if  the  body  had  been  folid. 

*  PhiLTranr.  abndged,  Vol.  vii.  p.  ij. 
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But  he  afterwards  contrived  to  Ihew  tbrf 
efFea  of  eledlricity  upon  water  in  another  and 
more  effe^al  mafinen  As  this  experiment 
was  very  curious  and  exhibited  an  appearance 
which  was  quite  new  to  the  ele^icians  of 
thofe  times,  I  {hall  relate  the  particulars  of  it 
very  fully,  and  generally  in-  Mr.  Orty's  own 
words  •* 

Hb  filled  a  fmall  cup  with  water  higher 
tlian  the  brim^  and  when  he  had  held  an  ex- 
cited tube  over  it,  at  the  diftance  of  about  an 
inch  or  more,  he  fays,  that  if  it  were  a  large 
tube,  there  would  firft  arife  a  little  moantain 
of  water  from  the  top  of  it,  of  a  conical  form  ( 
from  the  Vertex  of  which  there  proccded  i 
light,  very  vifible  when  the  Experiment  wai 
performed  in  a  dark  room,  and  a  fnapping 
noife,  almoft  like  that  which  was  made  wbect 
the  finger  wis  held  near  the  tube,  but  not 
quite  fo  loud,  and  of  a  more  flat  found.  Upon 
this,  fays  he«  immediately  the  mountain,  if 
I  may  fo  call  it,  falls  into  the  refl  of  the  wa'^ 
ter,  and  puts  it  into  a  tremulous  and  waving 
motion. 

When  he  repeated  this  experiment  in  "the 
fun  fliine,  he  perceived  that  vtry  fmaH  par- 
ticles 9f  water  were  thrown  from  the  top  of 
the  mountain;  and  that,  Ibmetimes,  there 
would  arife  a  fine  ftream  of  water  from  the 
vertex  of  the  cone,  in  the  manner  of  a  foun*- 
tain,  from  which  there  iffued  a  fine  fteam  or 
vapour^  whofe  particles  were  fo  fmall  as  neJt 

•  Phil.  Tratf.  abiidscd,  Vol.  tii.  p.  ij. 
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to  be  feen ;  yet,  he  fays,  he  was  certain  it 
muft  be  fo ;  6nce  the  under  Hde  of  the  tube 
Mras  wet,  as  he  found  when  he  came  to  rub  it 
afto'wards.  He  adds,  that  he  had  fince 
found,  that  though  there  does  not  always  arife 
that  cylinder  of  water,  yet  that  there  is  always 
a.  ftream  of  inVifible  particles  thrown  on  the 
tube,  and  fometimes  to  that  degree  as  to  be 
vifible  on  it. 

When  fome  of  the  larger  cups  were  ufed 
(his  fizes  were  from  three  fourths  to  one  tenth 
of  an  inch  in  diameter)  which,  be  fays  were 
to  be  filled  as  high  as  could  be  done  without 
running  over;  the  middle  part  of  the  furface, 
which  was  flat>  would  be  deprelTed,  upon  the 
Approach  of  the  tube,  into  a  concave,  and  the 
parts  towards  the  edge  be  raifed;  and  that 
when  the  tube  .was  held  over  againft  the  Hde 
of  the  water,  little  conical  jwotuberanccs  of 
water  iQued  out  from  it  horizontally;  and, 
after  the  crackling  noife,  returned  to  the  reft 
of  the  water  j  and  that  fometimes  fmall  par- 
ticles would  be  thrown  off  from  it,  as  from  the 
fmall  portions  of  it  above  mentioned. 

This  laff  experiment  he  repeated  vrith  hot 
water,  and  found  that  it  was  attraded  mucht 
more'ftrongly,  and  at  a  much  greater  diftance 
than  before.  The  fteam  arifing  from  the  ver- 
tex was  in  this  cafe  vifible,  and  the  tube  was, 
fprinkled  with  large  drops  of  water. 

He  tried  thtk  experinaents,  in  the  fame 
manner,  with  quickfilver,  which  was  likewile 
raifedup,  but,  by  reafon  of  its  gravity,  not  to 
ib  great  a  height  as  the  water :  but,  he  fays, 
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that  the  fnapping  noife  waft  louda-,  and  laAed 
much  longer  than  ic  did  with  the  water  *. 

It  18  not  eafy  to  know  what  fo  make  of 
the  next  fet  of  experiments  which  engag- 
ed the  attention  of  Mr.  Grey,  or  how  far  he 
deceived  himfelf  in  the  refuhs  of  them.  He 
fancied  that  he  had  difcovCred  a  perpetual  st- 
tradiive  power  in  all  electric  bodies  which  did 
not  require  heating,  rubbing,  or  any  kind  of 
attrition  to  be  excited.  The  following  expe- 
riments, he  imagined  proved  the  difcovery. 

He  took  nineteen  difi^rent  fubftances,  which 
were  either  rolin,  gum  lac,  Ihel)  lac,  bees  waX| 
fulphur,  pitch,  or  two  or  three  of  thefe  diffe- 
rently compounded.  Thefe  he  melted  in  a 
fpherical  iron  ladle,  except  the  fulphur,  which 
was  beft  done  in  a  glafs  veflel.  When  thefe  . 
were  taken  out.  of  the  ladle,  and  their  fpheri-  . 
cal  furfaces  hardened,  he  fays,  they  would 
not  attract  till  the  heat  was  abated,  or  till 
they  came  to  a  certain  degrefe  of  warmth ;  that 
then  there  was  a  fmall  attraftion,  which  in- 
creafed  till  the  fubftance  was  cold,  when  it 
was  very  confiderable  f. 

The  manner  in  which  he  preferved  thefe 
fubftances  in  a  ftate  of  attraction,  was  by  wrap- 
ping them  in  any  thing  which  would  keep 
them  from  the  external  air.  At  firft,'  for  the 
fmaller  bodies,  he  ufed  white  paper,  and  for 
the  larger  ones,  white  flannel ;  but  he  after- 
wards found  that  black  worfted   ftockings 
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^ulddo  as-Wel!.  fieing  th"uS  cloath^,  hi' 
put  them  into  a  large  firm  box ;  where  they 
remained,  tiTl  he  had  occafion  to  make.ufe  of 
thcrti. 

He  obferved  thefe  bodies  for  thirty  flays, 
and  rfound  that  they  continued  to  aflt  is  Vlgo- 
roufly  as  on  thfe  firft  or  fecond  day ;  and  that 
ihey  tetdned  theif  power  till  the  time  bf  iis 
writing,  when  fbme  of  them  had  been  pre  ■ 
pared  above  four  months. 

He  (nakes  the  ftioft  particulat  mention  oi 
a  largt  code  of  llorie  ftilpTiur,  covertd  With  i 
drinking  glafs  ih  which  it  wa^  made;  and 
lays,  that  whehever  the  glafs  was  taken  off^ 
It  *ould  attrsa  as  ftrongly  as  the  fulphuf, 
which  wtts  kept'  Covered  in  the  box;  Iti  fai^ 
weathec,  the  glai?  would  attraft  alfo,  but  -not 
fo  ftt-origly  as  <he  fu'lphuf,  which  never  failed 
to  attraft,  let  the  wind  or  the  weather  be  evef 
fo  varisfbli  ;  as  would  all  the  other  bodies,  on- 
ly in  wdt  weathet,  the  attraflion  was  ndt  *fo 
^cat  as  In  fair  weather. 

He  atfo  mentions  a  cake  of  melted  fulphul^, 
whicfi  he  kept  without  any  cover,  iri  the  iamfc 
^iace  with  the  body  abovementioned,  and 
where  the  fun  did  hot  ihihe  upon  them-  and 
fays,  that  it  continued  to  attraa'tifl  the  lime 
df  fiis  writing;  but  that  its  attradion  was  ndt 
one  tenth  part  of  th^t  of  the  cone  of  fulphur 
which  was  CoVeredi  '    ' 

TttESE  ajtraflions  he  tried  by  a  fine  thread 
liJtoging  ftoin  the  ipna  df  a  fficfc.  He  htSd 
thecKdric  -tfffdy  ift-*o'ne  liind,  and  the  flidfc 
ift-<he  other ;  Md  covAd  perceive  the  «;ttrac- 
.;:...  E  tion 
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tion  at  u  great  a,  diAance  as  he  could  hold 

them. 

At  the  time  of  his  writing*  he  was  upon 
the  fubjeA  of  permanent  ele^idty  in  glafs^ 
but  had  not  thea  completed  his  experi- 
ments *. 

Great  light  will  be  thrown  upon  thefe 
experiments  of  Mr.  Grey  by  fome  that  will 
be  hereafter  related  erf  Mr.  Wilcke.  It  is  pro- 
bable that  the  glafs  veffel  in  diefe  experiments- 
was  pofleffed  of  one  eledricity,  and  the  ful- 
phur,  &c.  of  the  other.  But  the  two  elefiri- 
cities  were  not  difcovered  till  afterwards. 

We  are  now  come  to  a  different  fet  of  elec- 
trical experiments,  made  by  Mr.  Grey  and 
Mr.  Wheeler  in  conjun^oui  fimilar  to  fome 
of  Mr.  Haukfbee's. 

In  the  flrft  place,  Mr.  Grey  made  fome 
experiments,  which,  probably  unknown  to 
him,  had  been  made  before  by  Mr.  Boyle, 
on  excited  glafs,  and  feveral  other  bodies  in 
niacuot  and  found  that  they  would  attrad  at 
very  near  the  fame  diftance  as  in  plena,  -To 
determine  this,  he  fufpended  the  excited  fub- 
ftance  in  a  receiver  of  an  ur-pump,  and  when 
it  was  exhaufted,  he  let  the  eleftric  down  to 
a  proper  diftance  from  fome  light  bodies, 
placed  on  a  ibind  below.  The  event  was,  as 
near  as  could  be  judged,  the  fame  in  vacuo  as 
in  the  open  air,  if  the  experiment  was  made 
in  the  fame  receiver,  and  if  the  ele^ric  was 
brought  to  the  light  bodies  at  the  fame  dis- 
tance of  time  firom  the  ad  of  excitation  f. 

■     *  Phil.  Truir,  AbrU|ed,.  V«I.  vi<  p.  sj.  f  lUd, 
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About  the  latter  end  of  Auguft  17^2,  Mr. 
Grey  and  Mr.  Wheeler  fufpendcd,  from  tlic 
top  of  a  receiver,  a  white  thread,  which  hung 
down  to  the  middle  of  it.  Then  exhaufting 
the  receiver,  and  rubbing  it,  the  thread  was 
attrafled  vlgoroudv.  When  it  was  at  reft, 
ajid  hung  perpendicularly,  the  excited  tube 
attracted  it ;  and  when  the  tube  was  taice? 
.  away  llowly,  the  thread  returned  to  its  per- 
pendicular fituatton ;  but  the  tube  being  re- 
moved haftily,  the  thread  jumped  to  the  ojv- 
pofite  fide  of  the  receiver.  This  laft  efFcd  fol- 
Iowed»  ifthe  hand  was  haftily  removed  from 
the  receiver ;  and  at  firft  it  appeared,  in  both, 
cafes,  unaccountable  to  them;  but  upon  far- 
ther corjlideration,  they  concluded,  that  it 
proceeded  from  the  motion  of  the  air,  made 
by  the  tube,  or  the  hand,  which  fliook  off  the 
attrad^ion  on  that  fide,  and  not  on  the  other  *. 
They  alfo  found,  that  an  excited  tube  would 
attraA  the  thread  through  another  receiver, 
which  was  put  over  that  in  which  it  was  fuf- 
pendcd. And,  fometime  after,  Mr.  Wheeler 
found  that  the  thread  was  attrafl;ed  througli 
five  receivers  put  one  over  another,  and  ^1 
exhaufted :  he  even  thought  that,  in  this  cafe, 
the  attradion  was  rather  ftronger  than  when, 
a  tingle  receiver  was  ufed  N.  B.  The  more 
effe^ally  to  keep  any  thing  of  moifture  out 
(rf  the  receivers,  v.  hich  would  have  been  of 
bad  confequcnce  in  this  experiment,  inftead 
of  wet  leather,  he  made  ufe  of  a  cement  made 

*  mi.  TtutC  abtiigei.  Vol.  *ii.  p.  f6.        f  ItHjU  p.  97^ 
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of  wax  and  turpentine,  which  Mr.  liaj^  JlteS 

in  his  experiments  *. 

Thefe  two  gentlemen,  about  the  fame  tiMier 
made  a  curious  experiment  which,  they  fa^, 
(hewed  that  attraction  is  commtmicated  thro*^ 
opaque,  as  well  as  tranfparent  bodies,  not  ih 
-vacuo.  Bnt  a  Httte  knowledge  of  metal,  as  k 
conduftor  of  ele'arlcity,  wonld  have  faved 
them  the  trouble  they  gate  thetnfelvea.  They 
took  a  large  hand-bell,  and  .taking  out  IM 
damper,  they  fufpendcd  a  ctfrk,  befmeaf^ 
with  honey,  from  the  top  of  it ;  and  fet'  it  0a 
ft  piece  of  glafs,  on  which  they  had  pat  fome 
leaf  brafs.  The  excited  tube  was  theb  brought 
near  feveral  parti  of  the  belt ;  and,  upon  tak- 
ing it  up^  feveral  pieces  of  leaf  bi'afe  werr 
found  nicking  to  the  cork,  and  others  were 
removed  from  the  places  in  which  they  had 
Seen  left,  having,  probably,  been  attraded 
Vy  the  bellf. 

We  fee  by  how  fmall  fteps  advances  were' 
made  in  the  fcience  of  eledricity,  by  fome  ex- 
periments made  by  Mr.  Grey,  i6thjune  1731, 
and  which  he  has  thought  worth  recording  y 
Aough  they  contain  hardly  any  thing  which 
we  fliould  'think  new,  notwithftandimg  the 
difcoveries  appeared  pretty  cqnfiderable  to 
hitn. 

He  eleftrified  a  boy  ftandmg  on  c^es  of 
rofin,  as  ftrongly  as  he  had  before  eleftrifieJ 

•  him  when  fufpendedon  hair  lines.     He  a^te'r- 

•  wards  eledriiied  a  boy  fufpendcd  oh  haii-'liA^s, 

'•  ^lirii.  tiaat.  abridged,  Vol.Vii;  p.  97.       'tlbid'.  96. 
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b^  means  of  a  line  of  communication  from 
another  boy  who  was  ele&-ified,  at  feme  feet 
4iAance  fi'dm  htm.  Hd  varied  this  experi- 
ment with  rods  and  boys  feveral  ways  j  and 
loancjudM&oaa  iCi  that  Uieaetctfiric virtue  might 
not  only  be  carried  from  the  lube,  by  a  rod, 
or  line,  to  diAant  bodies,  but  that  the  fame 
lod(  or  Ui)9»  wodd  eommunicate  ^at  Ttrtnc 
ta another  rod)  or  Une,  atA  cUftance  from  it; 
apd  that,  by  this  other  rod,  or  line,  the  at- 
tra,(3'ive  force  niight  be  carried  to  ilill  mors 
d^nt  bodies.  This  experiment  fiiews  that 
ftlr.  Grey  liad  not  properly  confidered  thelin? 
of  communication,  and  the  body  eledrified  by 
[t,  a^  01^  and  the  iame  thing,  in  an  ele£tric;d 
view,  differing  only  in  form,  as  they  wer^ 
Jx4h  ^ke  conduflors  of  electricity. 

In  December  following,  Mr.  Grey  carrie4 
this  experiment  fomething  farther,  by  con-r 
weying  cleflricity  tp  bodies  which  did  not 
touch  the  line  of  communication,  making  it 
{uJs  through  the  center  of  hoops  {landing  on 
glafs.  One  of  hie  hoops  was  twenty,  another 
flirty  inches  in  diamer  *. 

«  rhil.  Tranf.  abridged,  Vol-  vu.  p.  lop. 
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Th£  exp<:riment8   and  discoveries  or 
Mil.  Do  FAY, 

HITHERTO  the  fpirit  of  eleAricity  frtma 
to  have  been  confined  to  England ;  but, 
about  this  time,  we  find  th^t  It  had  paffed  the 
feas,  and  that  ingenious  foreigner^  were  am- 
bitious of  diftinguifhing  themfelves,  and  ac-. 
quiring  reputation  in  this  new  field  of  glory, 
Mr.  Du  Fay,  intendant  of  the  French  king  5 
gardens,  and  member  of  the  academy  of  fci- 
enccs  at  Paris,  affiduoufly  repeated  the  experi- 
ments above-mentioned  of  Mr.  Grey,  and 
likewife  added  to  the  common  ftocfc  many 
new  ones  of  his  own.  To  hjm  we  are  alio 
indebted  for  the  obfcrvadon  of  feveral  general 
properties  of  eleftricity,  or  rules  concerning 
the  method  of  its  aftion,  which  had  not  been 
taken  notice  of  before,  and  which  reduced  to 
fewer  propofitions  what  had  been  difcovcrcd 
concerning  it.  Thefe  ejcpcriments  werg 
comprifed"  in  eight  memoirs,  inferted  in  the 
Hiftory  of  the  Academy  of  Sciences  for  the 
years  173^,  1734  and  '737J  and  an  account 
of  fomc  oiF  them  alfo  makes  an  article  in  thp 
J*hilofophicaJ  Tranfadions,  dated  December 
27*'  173  3-  The  firft  of  his  memotrs  con^w 
lain  a  hiftory  of  cIeQricity»  brought  (iQWa  to 
the. year  1732*. 

*  Pantiiiclt  Menoln.  Vol-  i.  p.  ijlj. 
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Hi  found  thtt  all  bodies,  except  metallic, 
foft,  and  fluid  ones,  might  be  made  eleiftric, 
by  fitft  heating  them,  more  or  lefs,  and  then 
rubbing  them  on  any  fort  of  cloth.  He  alfo 
excepts  thofe  fubftances  which  grow  foft  by 
heat,  as  gum;  or  which  dilTolve  in  water,  as 
glue.  He  alfo  remarked,  that  the  hardefl: 
fione  and  marble  required  more  chafing  and 
heating  than  other  bodies,  and  that  the  fame 
rule  obtains  with  regard  to  woods ;  fo  that 
box,  lignum  vitz,  and  other  kinds  of  very 
hard  wood  mnft  be  chafed  alrooA  to  a  degree 
t^  burning;  whereas  fir,  lime-tree,  and  coric 
require  but  a  moderate  heat ".  Among  the 
more  perfe<ft  ele<9rics  he  enumerates  all  viVr/- 
ficationsy  the  Venetian  and  Mufcovite  taicy  the 
phoj^horus  of  Bernty  gypfum,  t ran/parent  fe~ 
ienites,  and  in  generd  ^1  tranfparent  ftonest 
of  whatibcvcr  kind  f.  Of/alts  he  tried  only 
alumt  and  fugar  canifyy  both  of  which  he 
found  to  be  ele^rical,  after  warming  and  rub- 
bing ;  and  he  fuppofed  that  all  the  reft  would 
be  found  to  have  the  fame  properties*  if  due 
precautions  were  obferved  in  making  the  expe-> 
riments.  He  alfo  obferved  the  eledricity  of  ■ 
all  kinds  of  haivy  Jilky  wooly  and  cotton^  and 
dpecially,  what  appeared  to  him  very  extra- 
ordinary, the  powerful  electricity  of  the  hack 
«fa  dogy  and  ftill  more  that  of  a  cat  %, 

He  found  that  not  only  damp  air,  but  alfo 
great  heat  was  prejudicifd  to  eledricity,  and 

'  Phil.  Tranr.  abridicd.  Vol-  viii.  p.  3^3, 

f  Ac  ?u,  1733.  ia.  f.  105.  I  lb.  p.  107. 
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l;Vatlu4  expcEuneote  <^tenf9Hed  ia  tKe  warmv 
ffQ:  hoars  of  a  ipedetatelj  hot  day  *.  AVkt 
yrhea  he  heated  fevewl  bodies,  in  order  to  ex- 
cite their  eledric  power,  he  f&and  that  ia  IbaM 
the  hotteft,  and  in  cabers  the  cookfi  parts  oa? 
ly  were  ele^rical  f. . 

He  fays,  that,  p^^fuing  .Mr.  Grey's  expe^ 
rifneHtB,  to  .m^k;?,  %^ter  repeive  pledlricity,  hk 
fbufld,  that  ail  ^o.'iies*,  "without  exception* 
wheth^er  folid/C«j  fluid,  wjgre  capable  of  it| 
vlien  they  were-,  piaced  ongjji/s,  or  fealingf 
wax  Cigaiily.y^^m^d,  or  oijly  drjeds  4»d  t^ 
exf.ifed  tube  was  i)i;0'4ght  ne^s  tbem.  He  pajx 
ticiilarly  iAeQt;o&8  )\\s  having  n^^de  the  exp«r 
jicncnts  with  Ice,  lighted  wood,  red  hot  iron4i 
coal,  and  every  (hiipg  that  happened  to  be  at 
liand  at  the  time ;  and  to  his  great  furprize,  re- 
.marked,  that  fuph  bodies  as.  wtxt  of  them? 
felves  the  Leafl  ele^ic^  had  the  gre^teft  de>^ 
grec  of  eleAricity  communicated  to  them  by 
the  approach  of  the  excited  tube  §, 

To  dttermine  whether  the  trap^reocy  of 
■gl^f^  was  the  cajife  of  the  tranfmiffion  of  th;e 
ele^liric  efBuvia  through  that  fubftauce  (for  no 
one  4t  that  time  fufpe^ed  that  bodies  could  be 
uSei^ed  by  electricity  through  glafs  in  coo- 
fequence  of  its  being  a<f):ually  permeable  to  the 
^e<3ric  matter)  be  ufed  fealing  waic,  and  found 
that  light  bodies  were  affe^d  through  that; 


*  Dintsick  McmoiM,  Vol.  i.  p.  stii 
+  Ac  Par.  1753.  M.  p.  109. 
t  NolUc'i  Recherchei,  p.  iis 
i  Ac.  P«r.  1733.  M.  p.  115. 
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f^aqqe  fubftance,  ^t  much  as  throiigh  glafs**^ 

Hi  refutes  Mr.  Grey's  affcrtion  conc^rnipg 
tbe  different  ek^ricity  of  diffiwooUy  wU?Wt 
«d  bodicj,  and  ihews  that  it  pr«eeded  net 
from  thecoloMf  as  a  coJbur^  but  from  the  filb* 
ftance  which  was  employed  in  dyiog  it  f , 

In  order  to  determine  whether  Qrople  cp/mf 
|iad  any  intiiience  in  electricity,  he  introduced 
^  beam  of  the  fufi's  Ught  into  a  darkejoed  room» 
and  made  his  e;£.per indents  oa  bodies  iUumir  - 
aated  with  the  different  primitiTC  colours; 
and  he  found  that,  in  aa  refpeil  wKateYer»  did 
the  different  colQurs  make  any  difference  is 
the  power  of  receiving,  communicatiDg,  ot 
deftroying  eleiilricity  :|. 

Having  communicated  the  electricity  of 
the  tube,  by  means  of  a  packthread,  after 
Mr.  Grey's  manner,  he  obferved,  that  the 
experiment  fucceeded  better  for  wetting  the  + 
line ;  and  though  he  made  the  experiment  ^t 
the  diftance  of  one  thoufand  two  hundred  and 
fifty-fix  feet,  wlien  the  wiud  was  high,  the  , 
line  making  eight  returns,  and  paffi  ng  through 
two  different  walks  of  a  garden,  that  the  ele<;-^ 
fric  virtue  was  ftill  communicated  §.  He  alfo 
jnadc  ufe  of  glafs  tubes,  fometimes  lined  with 
fealing  wax>  and  found  that  it  aafwered  afi 
well  a^  filfc  lines,  and  wa*  often  more  conr- 
yeniently  applied  j|. 

Our  ingenious  eleftrician  varied  this  eaj- 
petiment  by  fufpending  two  cords  wUh  their 

•  Ac.  Par.  17J7,  M.  p.  J38.  +  IbW.'i733.  M.p.  337, 
t  II).  p.  334.  \  Phil.  Tiaor.  ibridged,  Vul.  >iii.  p.  3.;. 
I  Ac  P«*.  1733.  M.  p.  34S- 
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f  ends  oppoHte  to  one  another>  and  found  that 
when  they  were  placed  at  no  greater  diftance 
than  an.  inch,  the  -eledricity  was  communi- 
cated without  any  feniible  diminution  from 
the  one  to  the  other ;  but  at  the  diflance  of  a 
foot  it  was  hardly  fentible.  When  the  cords 
trere  fdaced  at  the  diJUnce  of  three  inches,  he 
found  that  alighted  candle  held  between  them 
did  not  prevent  the  tranlmiifion  of  ele^icity, 
nor  did  the  blaft  of  a  pair  of  bellows  *.  Bring- 
ing wood  and  other  conducting  fubftances>  fuf- 
pended  by  Hlk,  to  this  eledrified  cord,  he 
found,  as  he  had  concluded  a  priori,  that  it 
loft  only  part  of  its  cledricity;  the  whole 
quantity  being  ^equally  diftributed  between 
them  t» 

■f  The  eleSric fpark  froma living  body,  which 
makes  a  principal  part  of  the  diverfion  <^ 
gentlemen  and  ladies,  who  come  to  fee  expe- 
Timents  in  eledlricity,  was  firft  obferved  by 
Mr.  du  Fay,  accompanied  at  that  time,  as  in 
moftof  his  experiments,  by  the  Abb6  Nol'et, 
who,  afterwards,  we  fliall  find,  did  himfelf 
obtain  a  dlftinguiihed  name  among  eledlri- 
cians. 

Mr-  Du  Fav,  having  got  himfelf  fufpend- 
edonfilk  lines,  as  Mr.  Grey  had  done  the 
child  mentioned  above,  obferved,  that,  as  foon 
as  he  was  eledlrified,  if  another  perfon  ap- 
-  proached  him,  and  brought  his  band  within 
an  inch,  or  thereabouts,  of  his  face,  legs, 
hands,  or  cloatfas,  there  immediately  t&ued 

.•  Ac.  Far,  1733.  M.  p,  350.  t  IW.  p-  JS*- 
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from  his  body  one  or  more  pricking  ffioots, 
attended  with  a  crackling  noife.  He  fays  this 
experiment  occafioncd  to  the  perfon  who 
brought  his  hand  near  him,  as  well  as  to  him- 
felf,  a,  Kttle  pain,  refcmbling  that  of  the  fud- 
den  prick  of  a  pin,  or  the  burning  from  a  fpark 
of  iire ;  and  that  it  was  felt  as  fenfibly  through 
his  cloaths,  as  on  his  bare  face»  or  hands.  He 
alfo  obfenres,  that,  in  the  dark,  thofe  fnapp- 
5ngs  were  fo  many  fparks  of  fire*.  ^ 

The  Abbi  Nollet  fays  he  fliall  never  for- 
get the  furprize,  which  the  firft  elcflrical  fpark 
which  was  ever  drawn  from  the  human  body 
excited,  both  in  Mr.  du  Fay,  and  in  him- 

reft 

He  fays  that  thofe  fnappings  and  iparks 
yrere  not  exdted,  if  a  bit  of  wood,  of  clotb^f 
or  of  any  other  fubAance  than  a  living  human 
Jjody,  was  brought  near  himj  except  metalyf. 
Khich  produced  very  nearly  the  fame  effcft 
as  (he  human  body.  He  was  not  aware,  that 
it  was  owing  to  points,  or  partial  drynefs,  ia 
the  fubftances  which  he  mentions,  that  they 
4id  not  take  a  full  and  Urong  fpark.  He  feemt 
alfo  to  have  been  under  fome  deception,  when 
he  imagined  that  the  flefli  of  dead  animals 
gave  only  an  uniform  light,  without  any  fnap- 
ping,  Or  fpa^fcs  §. 

From  this  clrcumftance,  however,  he,  at 
jhat  time  concluded,  that  the  bodies  of  li»- 

•  PUU  Truif.  Vol.  Tiii.  p.  19;.    At.  Pif.  17*3.  M. 
P  3S3- 
t  Lcfoni  «  Phyfiqae,  Vol.  ?i.  p.  joS. 
f  Phil.  T'vif-  abridged,  V»l.  viii,  p.  39  j.    Ac  Par.  1 7  w 
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lag  ajl^ipjilft,  (^n4  alfo  metals)  w«re  furround^ 
«d  with  ^n  atmq^hete  of  Tapqur,  wl>ich  viafi 

4 a^uatly  fet  piifire  $7  electric  Ii§ht *. 

He  oKerve,<J»  that  4  czx  emitted  aji  electric 
ipark;>  whicb  evidently  gave  ber  pai^i,  when 
Kie  fic&?r ,  w^s  brought  tp  any  part  of  her 
pody»  aft*r  fte  bad  been  ftrpked,  while  Ihe 
yrss  fitting  QQ  a  filk  cufiiion.  This  muft  hav^ 
appeared  v?ry  extraordinary,  before  it  wa^ 
known,  that   the  electric  matter  pafled  frorn 

S-  th?  hand  fQ  tb^  cat,  jn  tfae  aft  of  rubbing  -f-. 
WiTE  tbf.  ^e^ricfpark*,  he'imaginvd  htj 
fould  have  5red  inflammable  fubftances ;  and 

'    lie  m^de  feveral  attempts   uith    tindef   and 
gunj)owder,  but  without  fuccefs:  he   found 

*BQ  a^paawnce  c^  real  fije-.    This  w&s  a,  dif* 
COVfry  refttyed  for  the  Qqrm^ns  J, .. 

The  two  nc'^t  capital  observations  of  Mr. 
jpU  Fay  Ifball. repeat  iq  hie  own  words,'  b^r 
jc4ufe  t"Cy  are  important  and  furjoqs;  apd  ye( 
jthe  former  of  them  is  little  more  than  what 
Otto  Oucripte  had  obferved  before  him,  **  1 
'<}  4ifco^ered»"  he  fays,  *•  a  very  fimnle  prin7 
."  ciple»  which  accounts  for  a  great  part  of 
;**  the  irregularities,  and,  if  I  may  ufe  the 
I**  tertOj  of  the  caprices,  that  feem  to  accomr 
"  paoy  BlPft  pf  the  experiments  jn  eleftricity. 

(♦*  This  principle  U,  that  eleiSrlc  bodies  at-- 
"  traft  all  thofe  which  are  not  fo,  and  repel 
"  them  as  fpon  as  they  ar€  become  eleflric, 
"  by  the  vicinity  or  contaifi  of  the  eledric 
.**  body. .  Thu?  leaf  gold  ia  firft  attra^cdby 

•  DiMiidc  Memoirs,  .Vol.  i.  p.  :i;.  i}o- 
*■    t  Ibid.  p.  J. 6.  J  Jbid.  p.  Jig. 
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''*  the  tube ;  acquires  elearicily  by  appttiacb-a 
'**  ing  it,  afld,  conrdqOentty,  is  imiiiediitely' 
«  repelled  by  it ;  tiot  is  it  re-aifra<aed,  Ijvhilef 
"**  It  filainiits  efeiSlflc  quality.'  feut  if,  while 
«  it  Uthu8  fuftaiined  in  the  air;  It  chancfe  to 
«  tight  od'  fome  other  body,  it  ftraightway 
*'  l^es  its  ele£tricity,  and  confequentty  is  re- 
*'  atttaQed  by  the  tube ;  which,  after,  having 
•*  given  it  a  new  ele<£lricliy,  repels  it  a  fecond 
"**  tirtie;  and  this  r^ulfion  continues  as  fong 
•'  a3  the  tube  keeps  its  power.  Upon  apply-* 
•'.ing  this  {wincipk  to  various  experitneots  of 
•'  eledricity,  ©he  will  be  furprifed  at  the 
•'  number  of  obfcure  and  puzzling  fafl*^ 
•*  which  it  clears  up."  By  the  help  of  (hiJ 
principle, '  he,  particularly,  endeavours  to  ex- 
plain feVftral  of  Mr.  Haukfbee's  exjjcri- 
*hent8  *. 

"  CHANCfi,  he  fays,  has  thfo'tvfl  In  tay" 
•*  way  another  principle  naofe  unitcrlal   and 
-*•  remarkable  than  the  preceding  one;  and 
■«  which  cafts  a  new  light  upon  the  fubjeft  of 
•*  eIe<aricJty.     The  principle  *«,  that  there 
•*  are  two  kinds   of  eUBricityy  very  different  | 
*»  from  one  anoCber ;  one  of  which  I  cal!  I 
"  viireousy  the  other  rejinous  cleSricity.  The  1 
•*  firft  ts  that  of  gtafs,  rock-cryftal,  precious 
**  ftones,  hair  of  animals,  wool,-  and  niany' 
«  other  bodies.     The  fccond  is  that  of  am- 
•*  ber,   copal,  gum  lac,  filk,  thread,  paper, 
** 'and   a  vaft  number   of -other   fubftances. 
•*  The  cTiaradteriftics  of  thefe  two  ele^aricities 

•  Pkil.  TraAr.  abridged.  Vol.  «iii.  p.  39$. 
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<i "  are.  that  the-y  repel  themielyesy  and  at- 
1 "  traft  each  other.  Thus  a  body  of  the  vi- 
**  treous  electricity  repels  all  other  bodies 
"  poflefled  of  the  Titreous>  and  oa  the  coo- 
**  trary,  attrada  all  thofe  of  the  refinous 
"  electricity.  Th6  refmous,  alfo,  repels  the 
**  retinous,  and  attra(S8  the  vitreous.  From 
**  this  principle,  one  may  eafily  deduce  the 
**  explanation  of  a  great  number  of  other 
"  phenomena ;  and  it  is  probable,  that  this 
•*  truth  will  lead  us  to  the  difcovery  of  miny 
**  other  things." 

,  This  very  capital  difcovery  was,  as  the  in- 
genious author  acknowledges,  pcrfedily  acci- 
dental, having  been  made  in  confequence  of 
cafually  obferving  {which,  he  fays,  was  to  his 
great  furprize)  that,  having  caufed  a  piece  of 
leaf  gold  to  be  repelled,  and  fufpended  in  the 
air,  by  an  excited  glafs  tube,  and  meaning 
likewife  to  chafe  it  about  the  room  by  a 
piece  of  excited  gum  copal,  inftead  of  being 
repelled  by  it,  as  it  was  by  the  glafs  tube,  it 
was  .eagerly  attra^ed.  The  fame  was  the- 
cafe  with  fealing-wax,  and  the  other  fub- 
Aances  enumerated  above.  He  alfo  obferved, 
that  when  a  piece  of  leaf  gold  was  deilrifieJ 
Iby  excited  fea!ing-wax,  &c.  it  was  conftantly 
tattraded  by  excited  glafs,  but  repelled  by  ex- 
cited fealing-wax,  &c  * 

Our  ingenious  eleflrician  was,  however, 
too  hafty  in  concluding, 'as  he  did,  thafthe 
two  electricities  which  he  had  difcovered  were 

•  ,Ae.  Pw.  1733,  M.  p.  6*7. 
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altogther  independent  of  the  fubllance  with'- 
which  the  eledrics  were  rubbed.  Al!  the  dif- 
ference* he  fays,  produced  by  a  change  of 
the  rubber,  was  that  of  more  or  lefs  of  the  fame. 
kind"*.  We  fliall  find  that,  in  a  much  later 
period,  the  contrary  was  difcovered  to  be 
true  by  Mr.  Canton. 

Ih  order  to  know,  immediately,  to  which 
of  the  two  daffes  of  cledricity  any  body  be- 
longed, he  made  a  filk  thread  electrical,  and 
brought  it  to  the  body,  when  it  was  excited. 
If  it  repelled  the  thread,  he  concluded  it  was 
of  the  fame  ele<9ricity  with  it,  viz.  refinous; 
if  it  attrafted  it,  he  concluded  it  was  vitre- 
ous t*  He  had  alfo  other  ingcnions  methods 
to  afcertatn  the  iame  thing  \. 

He  alfo  obierved,  that  communicated  elec- 
tricity had  the  fame  property  as  the  excited.) 
For  having  cle£h"ified,  by  the  glafs  tube, 
balls  of  wood  or  ivory  j  he  found  them  to  re-r 
pel  the  bodies  which  the  tube  repelled,  and  to 
attrad  thofe  which  the  tube  attrafted.  If 
they  had  the  refinous  elet5lricity  communicat- 
ed to  them,  they  obferved  the  fame  rule,  by 
attrading  thofe  bodies  which  had  the  vitreous 
electricity  communicated  to  them,  and  re- 
pelling'thofe  which  had  received  the  refinous. 
.But,  hc-obferves,  the  experiment  would  not 
fucceed,  if  the  bodies  were  not  made  equally 
elcdrical ;  for,  if  one  of  them  was  weakly,, 
eledrical,  it  would  be  attraified  by  that  which 


•  Ac  P«.  1735,  M,  p.  639. 
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*ra&  much  mote  ftrongly  elei^rical}  cpf  nhaN 
ever  quality  it  was. 

This  difcovery  of  the  two  6lc6tricities  WW 
J:ertainly  a  Capital  one*  but  was,  notwith- 
Aanding,  left  very  imperfcta  byMr.  Du  Fay.- 
^e  itiall  fee  that  Dr.  Fntnklin  found,  that* 
in  ail  proljability,  the  vitreous;  elcflricity  is 
l^fitive,  or  a  redundancy  of  eletftric  matter; 
and  the  refirious,  negative,  or  a  want  of  it ; 
and  that  Mr.  Canton  haa  difcovered,  that  it 
depends  upon  the  furfacc  of  the  eleflric  bodiesi 
ind  of  the  rubber,  whether  the'  eteafictty  be 
pofitive  or  negative. 

The  do£lririe  of  two  different  elcif^ricitieg,- 
|)roduccd  by  exciting  different  iiibftances, 
confiderable  as  the  difcovery  of  it  was,  feem* 
io  have  been  dropped  after  Mr.  Du  Fay,  and 
^thofe  cffei^s  aferibed  to  other  caufes;  whicS 
is  in  inftarice  that  fcicnce  fometimcs  goe* 
fcacfcwards. 

Mft.  X)v  Fay  himfelf  feems,  at  laft,  td 
have  adopted  the  opinion,  which  generally 
prevailed  to  the  time  of  Dr.  Franklin ;  thaft 
the  two  electricities  differed  only  in  degrceV 
And  that  the  ftrongfir  attraded  the  weaker  r 
hot  confidering  that,  upon  this  principle, 
bodies  pofiefled  of  the  two  eleftricities  ought 
toattraiS  one  another  lefs  forcibty,  than  if  orre 
of  them  had  not  been  eleSrified  at  all.  Which 
is  contrary  to  fafl. 

It  will   be  feen  that,  many  years  aftcf* 

Mr.  Kinnerfley  of  Philadelphia,  a  friend,  of 

Dr.  Franklin*«,  being  at  Bofton  in  New  EDg-^ 

land,  made  fome  experimentt  which  agaid 

(hewed 
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Ihewed  tlie  difference  of  the  two  eleflricities. 
He  communicated  thofe  experiments  to  Dr. 
Franklini  who  repeated  and  explained  them  ^. 
Mb.  Du  Fay  was  the  firft  perfon  who  en- 
deavoured to  excite  a  tube  in  which  air  was 
tfondenfed,  and,'  to  his  great  furprize,  found 
the  attempt  ineffeflual.  Sufpeftirlg  this  might 
be  owing  tomoifture,  which  he  might  have 
forced  into  the  tube,  in  ufing  his  condenling 
inftrumenti  he  cemented  a  large  copper  eoli- 
pile  to  his  tube,  and  compreffed  the  air  in  it# 
by  putting  the  coUpile  upon  the  6fe.  After 
this,  he  turned  a  cock,  which  he  had  placed 
to  prevent  the  return  of  the  compreffed  air, 
and  difengaged  the  tube  from  the  eolipile ; 
but  he  fiill  found  the  excitation  to  be  impof* 
fiblet-  The  Abbii  Nollet,  ^ho  affifted  at 
tooft  of  this  gentlefnan's  experiments,  declares 
himfelf  not  fatisfied  even  with  this  precau- 
tion i  thinking  that  the  non-^ccitation  of  the 
tube  might  lUU  be  owing  to  the  moifture,  . 
which  always  exifts  in  the  air,  and  the  par- 
ticles of  which  muft  be  drawn  nearer  to- 
gether by  condenfatiort  J.  In  anfwer  to  thk 
objedion,  Mn  Boulanger  faya,  that  a  fmall 
glafs  full  of  water  poured  into  a  tube,  and 
immediately  thrown  out  again,  will  not  de- 
ftroy  the  excitability  of  the  glafs  near  fo 
much  a&  the  condenfed  air  §. 

Mr.DuFay  found  no  difference  in  the  ex- 
citation of  a  glafs  tabe  whether  it  was  filled 
with  v/iToiJand  or  not ;  but  when  the  tube  was 

*  See  h'ri  Letter).  f  Ac.  Par.  173^.  M.  p.  489. 
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cpoi  it  was  not,  fi>  eafily  excited.  The  esei- 
tation  was  mpre  obftruded  by  Bran^  and 
ijiiich  more  by  waUr^  wacm  or  cold ;  though* 
h?  faye,  that  tiie  efciaricity  was  not  quite  dc- 
ftroyed  by  it  *. 

Mr.  Du  Fay  took  a  good  deal  of  puns  toi 
afcertain  the  efFeit  of  eleflricity  in  vacua, 
but  his  conclufion  can  hardly  be  depesidecl 
upon.  For,  he  fays,  that  g/afs^  andothei  fub- 
ftances  poffefied  of  the  feoK  kirtd  of  ele^tri- 
9ity,  are  hardly  capable  of  b«iag  excited  « 
vacuo  ;  whereas  arnber.,  and  the  fabftaoces  of 
that  clafs,  are  excited  a«  eaiily,  and  as  yi,- 
goroufly  in  vacua,  as  in  the  optn  aic>  The 
vacuum  he  made  feems  to  have  been  aa  good 
as  can  be  made  by  the  better  kind  of  our  aii- 
pump^-j*. 

This  philofopher  was  the  6rft  who  obferred 
that  ele<firic  fubAances  attrai^  the  dew  more 
than  condu^rs.  He  obfecved  that  a,  ^ais 
-reiTel,  placed  on  a  metal  cup,  and-  Set  in  the 
open  air  all  day,  will  often  be  wet  whea  the 
metal  is  dry.  S>  Beccaria  accounts,  for  thus 
.  ja^tt.  by  fuppolHng  that  iterations  in  the  elec- 
tricity of  the  air  eafily  produce  correfpondcnt 
alterations  in  the  ele^ricity  of  metals,  in 
,  which  the  eleSric  fluid  movesj  with  the  ut- 
noljt  eafe,  but  not  in  glafs.  Whenever* 
therefore,  the  ftate  of  the  ele£tric  fluid  in  the 
.  VT  is  altered,  the  glafs  is.  de£lrified.  pius  or 
miftfif*  and  therefore  attracts  die  vapours,  in 
the  air  ^. 


•  Ac.  P»r.  1733,  M.  p.  341. 
t  M.  Pn.  1734.  M.  p.  489. 
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It  muft  be  obferved,  that  Mr.  GranviUe 
Wheeler,  in  the  autumn  of  the  year  i73?'» 
made  fcveral  curious  experiments^  relating  to 
the  repulliTe  force  of  eleflricity.  Thefe  he  + 
repeated  to  Mr.  Grey  in  the  fiiRimer  follow- 
ing, and  defigned  to  communicate  thtfnl, 
through  his  hands,  to  the  Royal  Society ; 
but,  deferring  the  execution  of  it  from  time 
to  time,  he  was  informed  that  Mr.  Du  Fay 
had  taken  notice  of  the  fime  fotution  of  the 
repulfiTe  force.  Upon  this  he  laid  afide  all 
thoughts  of  communicating  his  difcovery  tb 
Che  public :  but,  finding  that  his  experiments 
■were  different  from  thofe  of  Mr*  Du  Fay,  he 
wM  perfuaded  to  ptibliih  them  in  the  Pbiiofq- 
phicat  Tranfiidions  for  the  year  173$. 

Ths  experiniencs  were  made  by  threads  df 
tarious  ktndft,  and  other  iiibftadces,  bongii^ 
down  6-ain  filk  lines,  and  gpmefilly  Inxde  to 
repftl  MM  4fMlh«r  by  the  api»osch  c€  an  ex- 
cited tube.  The  ftftilx  of  diem  alt  he  ecrai- 
prifed  in  the  three  following  propofitions. 
J  ft,  That  bodies  made  elcflrical,  by  comqiu-  -. 
nication  with  in  excited  elei^ric,  are  in  aftate 
of  repulfion  with  refpedt  to  fuch  excited  bo- 
dies, zdly.  That  two,  or  more  bodies,  made  f 
eleSrical  by  communicating  with  an  excited 
ele^ric,  are'tn  a  ftate  of  repulfion  with  refpeft  ' 
to  one  another.  3dly.  Excited  ele^rics  do 
thcmfelves  repel  one  another*.  ^ 

One  of  his  experiments,  to  prove  the  fe-  * 
cond  of  thefe  propofitions,  deferves  to  bp 

*  nU.  Truf.  abridged.  Vol.  «iii.  p.  4.1 1. 
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mentioned  for  its  curiofity.  He  tied  a  mim- 
'  4*  ber  of  filk  threads  together,  by  a  knot  at  each 
extremity;  when,  upon  ele<3rifying  them, 
the  threads  repelled  one  another,  and  the 
whole  bundle  was  fwelkd  out  into  a  beauti- 
ful fpherical  figure;  To  that  he  could  with 
pleafure,  he  fays,  obferre  tbe  knot  at  the 
bottom  riling  upwards,  as  the  eledricity  and 
mutual  repullion  of  the  threads  increafed; 
and  he  could  not  help  imagining  his  bundle 
of  filks  to  refemble  a  bundle  of  mufcular 
6bres. 

By  way  of  corollary  to  the  feme  pn^>o- 
lition,  he  obferves,  that  it  luggefls,  more 
plainly  than  any  other  know  experiment,  a 
reafon  for  the  diifolution  of  bodies  in  men- 
ftrua ;  viz.  that  the  particles  of  the  folvcnd, 
having  imbibed  particles  of  the  menftrua,  fa 
as  to  be  faturated  with  them,  the  faturated 
-  particles  become  repulfive  of  one  aootfaer,  fc- 
-parate,  and  fly  to  pieces  *. 

*  PUlofofliicat  Trufitftiau  abiulgcd.  Vol.  riii.  p.  4i« 
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The  continuation  and  conclusion  op 
Mr.  GREY's  experiments. 


MR.  GREY,  upon  refuming  his  expe- 
riijicnts,  expreffes  great  latisfadion, 
that  his  former  obfervations  had  been  con^ 
firmed  by  Co  judicious  a  philofopher  as  Mr. 
J)u  Fay  }  who,  he  acknowledges,  had  made 
feveral  new  ones  of  his  own,  particjilarly  that 
important  ludferous  onct  as  he  calls  it,  recit- 
ed above ;  which,  put  him  upon  making  the 
experiments  which  follow,  and  which  were 
made  in  the    months  of  July  and   Auguft 

1734*        - 

As  Mr.  0u  Fay  had  faid,  that  the  fnap- 
ptngs  and  the  fparks,  he  had  mentioned, 
were  ftrongty  excited  by  a  piece  of  metal, 
prefented  to  the  perfon  fufpended  on  filfc  lines ; 
Mr.  Grey  concluded,  that  if  the  perfon  and 
pietal  fhould  change  places,  the  efFeifl  would 
he  the  fame.  He,  accordingly,  fufpended 
feveral  pieces  of  metal  on  filk  lines,  begin- 
ning with  the  common  utenfils,  which  were 
at  band,  as  the  poker,  tongs,  fire  ihovcl,  &c. 
»nd  found,  that,  when  they  were  eledtrified, 
they  gave  fparks,  in  the  lame  manner  as  the 
huqian  body  had  done  in  like  circuipft^n^^s, 

*  pl)il-  Tnnf.  ftbridged.  Vol.  viii.  p.  397. 
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-This  was  the  origin  of  metallic  conduStors^ 
which  are  in  ufe  to  this  day  *. 

Mr.  Okey  did  not,  at  the  time  above- 
mcntioned,  think  of  making  his  experiments 
in  the  dark)  in  order  to  fee  the  light  proceed- 
ing from  the  iron ;  not  imagining,  that  elec- 
tricity, communicated  to  metals  would  have 
produced  fuch  furprifing  phenomena,  as,  he 
fays,  he  afterwards  found  it  to  do. 

Continuing  his  experiments  at  Mr. 
Wheeler*s,  they  found,  that  the  flefh  of  dead 
animals  exhibited,  very  nearly,  the  fame  ap- 
pearances as  that  of  living  animals,  contrary 
to  the  aflertion  of  Mr.  Du  Fay. 

But  what  moft  furprifed  Mr.  Grey,  and 
the  gentlemen  then  prefent,  in  the  experi- 
ments he  made  upon  that  occafion,  was  the 

•  Phil.  Tranf.  abridged.  Vol.  »ii!.  p.  398. 

In  order  the  mois  conveaiently  co  caininuaicitiekfliicltf  to 
the  iron  bar,  Mr.  Du  Fay  (who  adopted  the  contrivance  from 
Mr.Grey)  faftenird  to  the  end  ofit  a  bundteor /inMr^rtnyi,  to 
which  he  applied  his  excited  tube.  He  wai  led  to  prefer  ibe 
thread  for  this  purpufe,  in  conrequence  of  bating  found  that, 
of  the  flexible  fublt^ncei,  <u.'»ol,  fitt,  ttifen,  01  linm  ;  the  laft 
wu  moft  attracted  by  an  (acited  eleftric.  He  fufpeitdcd  them 
atl  to  the  fame  bar,  and  brought  an  excited  glaft  lube  to  an 
equal  dillance  from  them  all  at  the  fame  time,  and  obferved 
'  that  they  were  aitraAed  in  the  order  in  which  1  have  menuon- 
fid  them,  ititei  the  l:aS,  and  Imia  the  moS.  Ac.  Par.  1737.  M. 
p.  137.  Tbefe  linen  threads  ofMr.  Du  Pay  kept  tkeir  ground 
in  a  much  improved  Date  of  (he  eleflrical  apparatu),  when 
globes  were  fubfliiuted  in  the  placa  of  tubei,  bai  mov/m-'U 

^uirit  are  univerially  ufed  in  preJeranca  to  ihem. Mr.  Du 

fay  alfo,  in  order  to  determine  what  tniial  wa>  the  moft  pro- 
per for  [hit  purpoTr,  procured  equal  cylinder,  of  gold,  filver, 
copper,  b^a^^  lead,  iron,  and  tin,  and  having  placed  [hem  (a 
as  to  conftitute  one  cylinder,  he  drew  fparkt  f^om  each  of  ihem 
ID  their  turn,  when  the  whole  was  e]e£lri6ed  ;  but  he  could 
■MM,  in  a«y  nfp9&,  petcnve  (be  Infi  diftutoce  ia  them.  Ae. 
Par.  1737.  M,  J),  131, 

pheno- 
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phenomenon  above  referred  to,  and  what  he 
news  calls  a  caite,  or  pencil  of  eleBric  light  j_ 
fuch  as  is  cc»nmonly  lecn  to  iflue  from  an  elec- 
trified point.  As  this  was  the  firft  time  that 
this  phenomraion,  which  is  now  fo  common, 
was  diftin^y  feen,  I  fliall  relate  the  experi- 
ment, of  which  it  was  the  refult,  at  large, 

Mr.  Grey,  and  his  friends,  provided 
themfelves  with  an  iron  rod  four  feet  long, 
and  half  an  inch  in  diameter,  pointed  at  each 
end,  but  not  iharp.  Sufpending  this  iron 
rod  upon  lilk  lines  in  the  night  ;  and  apply- 
ing the  e^ciifijixube  to  one  end  of  it,  they-— 
perceived  not  only  a  light  upon  that  end,  bnt 
another  iffuing  from  the  oppofite  end,  at  the 
fame  time.  This  light  extended  itfelf,.  in  the 
form  of  a  cone,  whofe  vertex  was  at  the  end 
of  the  rod  :  and  Mr.  Grey  fays,  that  he  and 
his  company  could  plainly  fee,  that  it  con- 
fifted  offeparate  threads,  or  rays  of  light,  di- 
verging from  the  point  of  the  rod,  the  ex- 
terior rays  being  incurvated-  This  light 
appeared  at  every  ftroke  they  gave  the 
tube. 

They  Hkewife  obferved,  that  this  light 
was  always  attended  with  a  fmall  hiffmg 
noife,  which,  they  imagined,  began  at  the 
end  next  the  tube,  increafiog  in  loudnefs  till 
it  came  to  the  oppofite  end.  He  faya,  how- 
ever, that  this  rioife  could  not  be  heard,  but 
by  perfons  who  flood  near  the  rod,  and  at-> 
tended  to  it*. 

•  Phil.  Tranf.  abridged,  Vol.  viii.  p.  39<. 
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MR.GjtEV,repeating  thofe  experiments  in 
the  September  following,  after  his  return  to 
London,  obfcrved  an  appearance,  which  he 
fays,  furprifed  him  very  much.  After  the 
tube  had  been  applied  to  the  iron  rod>  as  be- 
fore, when  the  light,  which  had  been  fecn  at 
both  ends,  had  difappeared;  it  was  vifible 
again  upon  bringing  his  hand  near  the  end  of 
the  rod ;  and,  upon  repeating  this  motion  of 
his  hand,  the  fame  phenomenon  appeared  for 
five  or  fix  times  fucceffively ;  only  the  rays 
were,  at  each  time,  Shorter  than  the  other. 
He  alfo  obferved,  that  thefe  lights,  which 
were  emitted  by  the  tube  upon  the  approach 
of  his  hand,  were,  like  the  others,  attended 
iwith  a  hifiing  nolfe. 

He  took  notice,  that  the  light  which  apr 
peaxed  on  the  end  next  the  tube,  when  it  was 
held  oblique  to  the  axis  of  the  rod,  had  its 
rays  bending  towards  it;  and  that,  all  the 
time  he  was  rubbing  the  tube,  thofe  flafhes  of 
light  appeared  upon  every  motion  of  his  hand 
up  or  down  the  tube,  l^ut  that  the  largell 
flaflies  were  produced  by  the  motion  of  his 
hand  downwards  *. 

When  he  ufed  two  or  three  rods,  laying 
them  either  in  a  right  line,  or  fo  as  to  make 
any  angle  with  each  other,  and  applied  the 
tube  to  any  one  of  their  ends ;  he  obferved, 
that  the  farthefl  end  of  the  farther  rod  ex- 
Iiibited  the  fame  phenomena  as  one  fii.-gle 
fodt- 

r  Pkil.  Trior,  ftbrideed.  Vol.  viii.  p.  too. 
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IJsiNG  a  rod  pointed  only  at  one  end,  he. 
X)bferTed,  that  the  other  end  gave  but  one 
fingle  fnap,  but  that  it  was  much  louder  than 
the  greateft  of  thofe  which  were  given  by  the 
point  of  the  rod;  alfo  that  the  pain,  refem- 
bling  pricking  or  burning,  was  more  ftrong-  ^ 
Jy  feh,  and  that  the  light  was  brighter  and 
more  contradled. 

t  CoNNBCTiNG  a  pewter  plate  with  the  iron 
rod,  and  filling  the  plate  with  water,  he  ob- 
ferved  the  fame  light,  the  fame  pufliing  of  ■ 
the  finger,  as  he  calls  it,  and  the  fame  fnap- 
ping,  as  when  the  experiment  was  made  with 
the  empty  plate.  And  when  the  experiment 
was  made  with  water,  in  the  day-light,  it  ap- 
^ared  to  rife  in  a  little  hill,  under  the  finger 
which  was  prefentcd  to  it;  and,  after  the 
fnapping  noife,  fell  down  again,  putting  the 
water  into  a  waving  motion  near  the  place 
where  it  had  rifen. 

THEsE'effeaswerethefame  with  thofe  which 
he  had  before  obferved  top  roceed  from  the  im- 
mediate a£^ion  of  the  tube,  but  by  thefe  experi- 
ments, he  fays, ,  he  found  (what,  no  doubt, 
appeared  a  real  advance  in  the  fcience  to  him) 
that  an  adual  flame  of  fire,  together  with  an 
explofion,  and  ebullition  of  cold  water,  might 
be  produced  by  communicative  eleftricity. 
What  he  adds  is  fo  remarkable,  that  I  fhall 
repeat  his  own  words.  "  And  although  thefe 
'  ^*  effects  are  at  prefent  bdt  in  mim'mis,  it  is 
f  probable,  in  time,  there  may  be  found  out 
**  a  way  to  colleft  a  greater  quantity  of  the 
f*  electric  fire,  and  confequemly  to  increafc 
'     "    ■        '  "til? 
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♦*  the  force  of  that  power;  which,  by  feveral 
"  of  ihefe  experiments,  Ji  licet  magnis  com~ 
"^  "  penere  parza ;  feems  to  be  of  the  lame 
*'  nature  with  that  of  thunder  and  light- 
"  ning*r" 

How  exactly  has  this  prophecy  been  ful- 
filled in  the  difcoveries  of  the  I^yden  elec- 
tricians, and  Dr.  Franklin ;  the  former  hav- 
ing difcovered  the  amazing  accumulation  of 
the  electric  power,  in  what  is  called  the  Ley- 
den  phial ;  and  the  latter  having  proved  the 
matter  of  lightning  to  be  the  very  fame  with 
that  of  eleftricity ;  though  Mr.  Grey  might 
pofiibly  mention  thunder  and  lightning  only 
by  way  of  common  comparifon. 

On  February  the  i8th,  1735*  Mr.  Grey, 
repeating  the  experiments  of  the  iron  rods 
4  with  wooden  ones,  found  all  the  effe^s  to  be 
fimilar,  but  much  weaker;  as  it  is  now  well 
known  muft  have  been  the  cafe  ;  wood  being 
fo  imperfeii  aconduftor,  and  only  in  propor- 
tion to  the  moifture  it  contains. 

At  the  fame  time,  he  relates,  that  the  re- 
peating the  cle^rihcation  of  water,  he  found, 
that  the  phenomena  before  mentioned  were 
produced,  not  only  by  holding  the  tube  near 
the  water,  but  when  it  was  removed,  and  the 
linger  afterwards  brought  near  itf. 

May  the  6th  of  the  fame  year,  he  again 

.lufpended  a  boy  on  filk,  and  found  that  this 

boy  wasable  to  communicate  the  eletlric  fire. 


•  Phil,  Trinr.  ibiidged.  Vol.  i 
t  Ibid,  p,  401, 
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firll  to  one,  and  then  to  feveral  perfons  ftand- 
ing  upon  ele^ric  bodies. 

Mr.  Grey  feems  ftill  to  have  imagined, 
that  eled:r!city  depended,  in  fome  meafure, 
upon  colour.  The  boy  fufpended  on  blue 
lines,  he  fays,  retained  bis  power  o£  attrac- 
tion fifty  minutes;  on  fcarlet  lines,  twenty- 
iive  minutes ;  and  on  orange  coloured  lines* 
twenty-one  minutes.  By  thefe  experiments, 
he  fays,  we  fee  the  efficacy  of  eleftricity  oa 
4>odieB  fufpended  upon  lines  of  the  lame  fub- 
ftance,  but  of  different  colour  *. 

But  the  greateft  deception  which  this  in- 
genious gentieinan  feems  to  have  Iain  under. 
Was  occafioned  by  the  experiments  which  he 
made  with  balls  of  iron,  to  obfetve  the  revt^ 
iution  of  light  bodies  about  them.  The  para- 
graph relating  to  thefe  experiments,  being  the 
laft  which  Mr  Grey  wrote,  I  Ihall  give  it  at 
length  as  a  curiofity. 

»*  I  H  AVE  lately  made,"  fays  he,  *•  feveral 
"  new  experiments  upon  the  projeftile  knd 
*'  pendulous  motion  of  fmall  bodies  by  cle^ 
**  tricity ;  by  which  fmall  bodies  may  be 
"  made  to  move  about  large  ones,  either  in 
*^  circles,  or  in  ellipfes  ;  and  thofe  either 
•*  concentric,  or  eccentric  to  the  center  <rf  the 
•*  larger  body,  about  which  they  move,  fo  at 
*'  to  make  many  revolutions  about  them, 
"  And  this  motion  will  conftantly  be  the 
'*  fame  way  that  the  {Janets  move  about  the 
w  fun,  viz.  from  the  right  hand  to  the  left, 

*  phiL  Tnaf.  abiMged,  Vol.  vui.  p.  403. 
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»*  or  from  weft  to  call.  But  thefe  little  pla- 
**  nets,  if  I  may  fo  call  them,  move  much 
**  fafter  in  their  afiogeony  than  in  the  perigeon 
**  parts  of  their  orbits ;  which  is  dire^ly  coa- 
"  trary  to  the  motion  of  the  planets  abotjt  th« 
«  fun*" 

These  experiments  Mr.  Grey  had  thought 
jof  but  a  very  little  while  before  his  lafl  ill- 
jDcTs,  and  had  not  time  to  complete  them  j 
fcut  the  progrefs  he  had  made  in  them  he  re* 
vealed,  on  the  day  before  his  death,  to  Dr^ 
Mortimer,  then  fecretary  ^o  the  Royal  Socici- 
ty.  He  faid  they  ftruck  him  with  new  fur- 
.prize  every  time  he  repeated  them,  and  hoped 
that,  if  God  would  fpare  his  life  a  little  longer, 
he  fhould,  from  what  thefe  phenomena  pointf 
cd  out,  bring  his  eleflrical  experiments  to  the 
greateft  perfedion.  He  did  not  doubt  but, 
in  a  Hiort  time,  he  fhould  l>e  able  to  aftoniOi 
the  world  with  a  new  fort  of  planetarium, 
never  before  thought  of;  and  that,  from 
thefe  experiments,  might  be  eftabliflied  a  cer- 
tain theory,  to  jiccount  for  the  motions  of  the 
grand  planetarium  of  the  univerfe.  Thefe 
experiments,  fallacious  as  they  are,  deferve 
■to  be  briefly  recited,  together  with  thf^e 
which  were  made  in  confequ?nce  of  them  af- 
ter Mr.  Grey's  death.  I  Ihall  relate  them  in 
Mr.  Grey'R,  own  words,  as  they  were  deli- 
vered to  Dr.  Mortimer,  on  his  death-bed. 

Place  a  fmall  iron  globe,  faid  he,  of  an 
.  iqch,  or  m  inch  and  a  half  in  diameter,  on 

»  puif  Trwft  "briijed.  Yd.  t'm.  p.  494^ 
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the  middle  of  a  circular  cake  of  rofin,  fevefi 
or  eight  inches  in'  diameter,  gently  excited  ; 
and  then  a  light  body  fufpended  by  a  very 
fine  thread,  five  or  fix  inches  long,  held  in 
the  hand  over  the  center  of  the  tabfe,  will,  df 
itfelf,  begin  to  move  in  a  Circle"  found  the  . 
iron  globe,  and  conftantly  {torn  Weft  to  ealt. 
If  the  globe  be  placed  at  any  diftance  from 
the  center  of  the  circular  cake,  it  will  defcfibe 
an  ellipfe,  which  will  have  the  fame  eccentri- 
city, as  the  diftance  of  the  globe  from  the 
center  of  the  cake. 

If  thecakcof  rofid  be  of  an  elliptical  forni,  , 
and  the  iron  globe  be  placed  in  the  center  of 
it,  the  light  body  will  deferibe  an   elliptical 
orbit,  of  the  fame  eccentricity  with  the  form 
of  the  cake. 

If  the  iron  gkibe  be  placed  in,  or  near,  one 
of  thefoci  of  the  elliptical  cake,  the  light  body 
will  move  much  fwifter  in  the  apogee,  than  ia 
the  perigee  of  its  orbit. 

If  the  iron  globe  be  fixed  on  a  pedcftal,  an 
inch  from  the  table,  and  a  glafs  hoop,  or  a 
portion  of  a  hollow  glafs  cylinder,  excited,  be 
placed  round  it;  the  light  body  will  move 
as  in  the  circumftances  mentioned  above,  and 
•with  the  fame  varieties. 

Hb  faid,  moreover,  that  the  light  body 
would  make  the  fame  revolutions,  only 
fmaller,  round  the  iron  globe  placed  on  the 
bare  table,  without  any  ele£trical  body  to 
fupport  it ;  but  he  acknowledged  he  had  not 
found  the  experiment  fucceed,  if  the  thread 
was  fupported  by  any  thing  but  a  human 
hand; 
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hand ;    though,  he  fancied,  it  would  hatff 
fucceeded,  if  it  had  been  fupported  by  any 
aninial  fubftance,  living  or  dead  *. 

Mr.  Grey  went  on  to  recite  to  Dr.  Mor- 
timer other  experiments  ftill  more  fallacious; 
which,  out  of  regard  to  his  memory,  I  fiiall 
forbear  to  quote*  Let  the  chimeras  of  (his 
great  eletltrician  teach  his  followers,  in  the 
lame,  and  ftill  but  newly  opened  field  of  phi- 
lofophy,  a  proper  degree  of  caution  in  their 
reafonings  from  indudioo.  Let  not  the  ex- 
ample, however,  difcourage  any  pcrfon  from 
trying  what  may  appear  improbable  ;  but  let 
it  induce  a  man  to  delay  the  publication  of 
his  difcoveries,  till  they  have  been  perfeQly 
afcertaincd,  and  performed  in  the  prefencc  of 
others.  In  experiments  of  great  delicacy,  a 
firong  imagination  will  have  great  influence 
even  upon  the  external  fenfes;  of  which  we 
Oiall  have  fretjuent  i»llatu:e&  iu  the  courfe  of 
this  hiftory. 

Dr.Mortimkr  himfelf  feemsto  have  been 
deceived  by  thefe  experiments  of  Mr,  Grey. 
He  fays,  that,  in  trying  thefn  after  his  death, 
he  found,  that  the  light  body  would  make 
revolutions  round  bodies-  of  variou»  fliapcs  and 
fubftances,  as  well  as  round  the  iron  globe ; 
and  that  be  had  adually  tried  (he  experi- 
ment, with  a  globe  of  blaek  marbie,  ai  lUver 
Aandifh,  a  fmall  chip  bol^  aad  a  lat^e 
cork  f. 


*  Phil.  Trinf.  RtHidged.  Vol.  »ijK  p.  404,  ^OJ. 
t  Ibid.  p.  40^. 
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These  experiments  of  Mr.  Grey  were  tried 
by  Mr.  Wheeler,  and  other  gentlemen,  at 
the  Royal  Society's  houfe,  and  with  a  great 
"Variety  of  circumftances  ;  but  no  conclufion 
could  be  drawn  from  what  they  at  that  time 
obferved.  Mr.  Wheeler  himfelf  took  a  great 
deal  of  pains  to  verify  them,  with  various  fue-  . 
cefs ;  and  at  iafl  be  gave  it  as  his  opunion,  that 
a  dchrc  to  produce  th«  motion  from  weft  t6 
eaft  was  the  fecret  caufe,  that  determined 
the  pendulous  body  to  move  in  that  dkeftioitv 
by  means  of  fomc  impreifion  from  Mr.  Grey's 
hand,  as  well  as  his  own;  though  he  was,  at 
the  fame  timC)  perfuaded,  that  he  was  aoC 
fenhble  of  giving  any  motion  to  hJs  faaad 
himfelf* 

Mr.  Du  YaYj  in  the  Memoirs  of  the  Acjp- 
demy  of  Sciences  for  the  year  1737,  acknow*- 
ledges  that  thefe  experiments  of  Mr.  Grey  and 
0r.  Mortimer  didnotfacceed  with  him.  But 
fays,  they  were  the  only  ones  of  Mr.  Grey  that 
had  not ;  and;  with  a  temper  becoming  a  ph»- 
lofopher,  adds,  th^he  doth  not,  therefore,  iky, 
that  they  never  had  fucceeded ;  butfeemsraeber 
willing  to  attribute  the  failure  with  hlmielf,  to 
his  omitting  fome  circumftance,  notmentioaed 
by  thofe  gentlemen,  though,  unknown  00 
them,  it  might  be  of  principal  confequence  to 
theexperimentf.  He  was  afterwards  inform- 
ed of  the  refutt  of  the  laft  experiment  in  Eng- 
land on  this  fiibjedfc,  agreeing  with  his  own  $, 


•  Phir.  Tranf.  abtidged.  Vol.  viiJ.  p.  4 
f  Dantzick  Memoirs,  Vot-  u  p.ii6, 
J  Ac.  P«i.  1737.  M.  p.  436. 
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PERIOD      VI. 
The  EXPERIMENTS  OF  Dr.  DESAGULIERS^ 

WE  are  now  come  to  the  labours  of 
that  mdefatigable  experimental  phi- 
lofopherDr.  Desaguliebsj  in  this  new  field 
of  fcience.  The  reafon  which  he  gives  why 
he  had  avoided  entertainiog  the  Koyal  So^ 
ciety  upon  this  fubjeiii  before, .  and  why  he 
had  not  purfued  it  fo  far  as  he  might  have 
done  i  confidering,  ,at&  he  fays>  that  he  could 
excite  as  ftrong  an  eledricity  in  glafs,  by 
rubbing  with  bis  hand,  as  any  body  could,  ts 
worth  mentioning  for  its  curiofity,  and  for 
the  light  that  it  throws  upon  the  ternper  and 
manner  of  Mr.  Grey.  He  fays,  that  he  wad 
unwilling  to  interfere  with  the  lau  Mr.  Stephen 
Grey,  who  had  wholly  turned  his  thought* 
to  elefliricityj  but  was  of  a  temper  to  give  it 
entirely  over,  if  he  imagined  that  any  thing 
was  done  in  oppoiition'to  him  •. 

Dr.  Desagoliers  begins  with  obferviag 
■Very  fenfibly  (and  the  obfervation  is  ftiU  trut) 
that  the  phenomena  of  ek£lricity  are  6>  odtt; 
~  that,  though  we  have  a  great  many  expert' 
ments  upon  that  fubjeft,  we  have  not  yii. 
been  able,  from  their  eomparifon,  to  fettit 
fuch  a  theory  as  will  lead  us  to  the  caufe  oif 
that  property  in  bodies,  or  even  to  judge  oif 

*  Phil.  Tru£  ibridged.  Vol.  viii.  p.  ^t^. 
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alt  its  effeftsj  or  find  out  what  ufeful  in- 
fluence eleilricity  has  in  nature ;  though  cer- 
tainly, from  what  we  have  feen  of  it,  we  may 
conjeifture  that  it  muft  be  of  great  ufe,  becaufe 
it  is  fo  extenfive. 

His  firft  experiments,  of  which  an  account, 
is  given  in  the  Philofophical  TranfaiSions, 
dated  July,  '739»  were  made  with  a  hempen 
llring,  extended  upon  cat-gut.  To  the  end 
of  the  hempen  firing,  he  fufpended  various 
fubftances ;  and  fays,  that  all  thofe  which  he 
tried,  amongft  which  were  feveral  eleSirics  per 
fe-,  as  fulphur,  glafs,  &c.  without  exception, 
received  cleiSricity  •. 

He  changed  one  of  the  cat-gut  firings,  on 
which  his  hempen  line  of  communication 
was  extended,  and  put  various  other  fuV 
fiances  in  its  place,  to  try  what  bodies  would 
tranfmit  electricity  to  the  fufpended  body, 
and  what  would  not  i  and  from  the  refult  ot 
hie  experiments,  partly  concluded,  that  bo- 
dies in  which  elc^ricity  could  not  be  excited 
intercepted  the  eleftric  effluvia  ;  and  that  thofe 
in  which  electricity  could  be  excited,  did  not 
intercept  it,  but  permitted  it  to  go  on  to  the 
extremity  of  the  hempen  firing.  Butftill  he- 
hadtfio  juft  idea,  that,  except  metals,  it  was 
the  moiilure  in  the  bodies  he  tried  which  in- 
tercepted the  eleClric  effluvia;  and  his  ideas  of 
the  manner  in  which  they  were  intercepted 
were  very  imperfeiS. 

*  Phil.  Tranr.  ibriilged.  Vol.  fiii.  p.  430I 
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To  Dr.  Defaguliers  we  are  indebted  fof 
fome  technicul  terms  which  have  been  ex- 
tremely ufeful  to  all  elediricians  to  this  day, 
and  which  will  probably  remain  in  ufe  as 
long  as  the  lubjeil  is  ftudied.  He  firft  ap- 
^plied  the  term  conduSior  to  that  body  to  which 
the  excited  tube  conveys  its  eledricity ; 
which  term  has  fmce  been  extended  to  all 
bodies  that  are  capable  of  receiving  that  vir- 
tue. And  he  calls  tlwfe  bodies  in  which  elec- 
tricity may  be  excited,  by  heating  or  tubbing, 
—  electrics  per  fe. 

Is  the  writings  of  this  author  we  find  many 
axtoms  relating  to  electrical  experiments, 
fome  of  which  are  exprefled  in  a  more  clear, 
and  diflinfl  manner  than  they  had  been  be- 
fore ;  but  the  real  improvements  which  he 
made,  were  very  few  and  immateriaL 

On  feveral  occafions,  and  particularly  in  a 
paper  delivered  to  the  Royal  Society,  in  the 
month  of  January  1741,  he  lays  down, 
among  others,  the  following  general  rules, 
which  feem  to  be  more  accurate  than  any 
which  had  been  delivered  before  upon  the 
fubjea  *. 

"  An  cleSric  per  fe  will  not  receive  eiec- 
**  tricity  from  another  cledric  per  fe,  in 
— "  which  it  has  been  excited,  fo  as  to  run 
**  along  its  whole  length :  but  will  only  re- 
<*  ccive  it  a  little  way,  being,  as  it  were,  la- 
*'  turated  with  it. 

*  FhiU  TranC  abridged,  Vol.  viit,  p.  439. 

"  An 


«jrv  Google 


bp    Dr.   DESAGULIERS.      8^  . 

**  Ah  electric  per  fc  will  not  lofe  all  its  *, 
*•  eleflricity  at  once,  but  only  the  eledricity 
•*  of  thofe  parts  near  which  a  non-ele£tric 
"  has  been  brought.  It,  confequently,  lofea 
*'  ita  eldiflricity  the  fooner,  the  more  of  thofe 
"  bodies  are  near  it.  Thusi  in  moift-weather, 
"  the  excited  tube  holds  its  Tirtue  but  a  little 
*'  while,  becaufe  it  ads  upon  the  moift  va- 
**  pours  which  float  in  the  air.  And  if  the 
"  excited  tube  be  applied  to  leaf  gold  laid 
"  upon  a  ftand,  it  will  atft  upon  it  much 
*'  longer,  and  more  ftrongly,  than  if  the 
"  fame  quantity  of  leaf  gold  be  laid  upon  a 
*'  table,  which  has  mbre  non-eledlric  furface 
**  than  the  ftand  *,"  Thisj  however,  feema 
not  to  be  the  whole  I'eafon  ;  for  if  the  leaf 
gold  were  laid  upon  a  broad  furface  of  glafs, 
it  would  not  be  aded  upon  fo  powerfully,  as 
if  it  were  placed  upon  a  narrow  Itand  of  any 
kind  of  matter. 

"  A  NoN-»KLECTRic,  whcfi  it  h.?s  received 
"  elediricity,  lofes  it  all  at  once,  upon  the 
*'  approach  of  anothet  non-eledric,"  This 
however  could  only  be  the  cafe  when  the  ap- 
proaching eledric  was  not  infulated,  but  had 
a  communication  with  the  earth.  It  muft 
alfo  be  brought  into  contad  with  the  eledrified 
body.    ■ 

**  Animal  fubftances  are  noti  eleftrics  bf- 
"  rcafon  of  the  fluids  they  contain  f. 

"  Excited  eleiflricity  exerts  it(e!f  in  *_ 
"  fpherc    round     the    eledric    per   fe,    or 

•  PMLTranf.  abtidged,  Vol.  viii   p.  4,17. 
f  Ibid  p,  419. 
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"  r«ther  in  a^cylindcc,'  if  the  body  be  eyfin* 

"  drical*." 

FEfr  of  the  many  experiments  -which  wcrr 
made  by  Dr.  DefagiUicFS  (accounts-  of  which 
were  publiflied  in  the  Philoibpbical  Tranfac 
tions)  had,  as  I  obferved  before,  Stuj  thing 
new  in  them.  Thofe  which  were  the  moft  Kt- 
are  the  followiBg. 

Endeavouring  to  communicate  eleflricity 
to  a  burning  talk>w  candle,  he  ob&rved,  that 
the  candle  attraded  the  thread  of  trial,  buC 
not  within  two  or  three  inches  of  the  flame  ;- 
but  that,  as  foon  as  the  candle  was  blown  outj 
the  thread  was  attradcA  by  every  part  of  it^ 
and  even  by  the  wick,  when  the  fire  waS 
quite  extingui&cd.  He  eledlrified  a  wax 
candle  in  the. lame  manner,and  the  experiment 
fuccecded  as  well,  only  the  ekdrtcity  came 
not  fo  near  the  flame  in  the  wax,  as  in  the 
tallow  candle. 

He  fayo,  that  only  warming  a  glafs  re- 
ceiver, without  any  rubbing,  wouWcaufethe 
tlireads  of  a  down  feather,  tied  to  am  upright 
fltewer  to  extend  themfelves,  as  foon  as  it  was 
put  over  the  feather ;  and  that  fometinae* 
rofin  and  wax  would  exert  their  eleSricity  by 
being  only  expofed  to  the  open  air. 

He  obferved  that  if  a  hollow  glafe  tubey 
fupporting  the  1  ne  of  communication,  were 
moiftened  by  blowing  through  k,  it  would  ia»- 
(ercept  the  elea:ricity. 

*  Phil.  Truf.  abridged,  Vol.  <riii.p.  431. 
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power  was  deftroyed.  He  alfo  propofed  the 
following  conjeflure  concerning  the  rife  of 
vapour.  The  air  at  the  furface  of  water  be- 
iag  ele<^rica],  particles  of  water,  he  thought* 
jumped  to  it,  then,  becoming  themfcWcs  elec- 
trical, they  repelled  both  the  air  and  one  an- 
other, and  confequently  afcended  into  the 
higher  regions  of  the  atmofphere  *. 

The  laft  paper  of  Dr.  DefaguHers  in  tha 
Fhilorophical  Tranfadions,  upon  the  fubje^ 
of  eleiiricity,  is  dated  June  24th,  1742,  in 
which  year  he  publilhed  a  diflertation  on 
eledricity,  by  which  he  gained  the  prize  of 
the  academy  at  Bourdeaux.  This  prize  was 
a  medal  of  the  value  of  300  livres.  propofed, 
at  the  requeft  of  r.Ionfieur  Harpez  de  la  Force, 
for  the  beft  efiay  on  eleflricity,  and  fhews 
how  much  this  fubjet^  engaged  the  attention 
ofphilofophers  at  that  time  f.  ThediiTertation 
is  well  drawn  up,  and  comprifes  alt  that  w^t 
JuLOwn  of  the  fubjed  till  that  period. 

*  Phil.  Trutf.  abridged.  Vol.  viii.  p.  437. 
t  Putzick  MetDwn,  Vol.  i.  p.  >6i, 
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P    E    R    I    O    D      VII. 

Experiments  of  the  GERMANS,  and 
OF  Dr.  WATSON,  bf.fork  the  disco- 
very OF  THE  LeYDEN  PHIAL  IN  THE 
YEAR   174.6. 

ABOUT  the  time  that  Dr.  Defaguliers 
had.  concluded  his  experiments  in 
England,  yiz.  1742,  feveral  ingenious  Ger- 
mans began  to  apply  themfclves  to  the  fame 
ftudies  with  great  affiduity,  and  their  labours 
were  crowned  with  confiderable  fuccefs. 

To  the  Germans  we  are  indebted  for  many 
capital  improvements  in  ouf  electrical  appara- 
tus within  this  period,  without  which,  the 
■bulinefs  would  have  goBe  on  very  flowly  and 
heavily  j  but,  by  the  help  of  their  contriv- 
ances, we  (hall  fee  that  aftonifliing  effefls  were 
foon  prodqced, 

Mr.  Boze,  a  profeffor  of  philofophy  at 
Wittemburgh,  fubftituted  the  gloSe  for  the 
tube,  which  had  been  ufed  ever  fince  the 
time  of  Haufcfbee*.  He  likewifti  added  a 
prime  conduSior^  which  cpnfifted  of  a  tube  of  - 
iron  or  tin,  at  6rft  fupported  by  a  man  Hand- 
ing upon  cakes  of  rofin,  and  afterwards  fuf- 

•  Accordingioetheraccounti,  Chriftlan  Anguflm  Hioren, 
,  profeflbr  of  mathemaiict  at  Leipfic.  wit  the  iirit  who  revived 
the  nTe  of  Hanklbec's  glaf*  globe,  and  Mr.  Boze,  who  wi^  ex> 
cited  to  mike  experiment!  in  eledricity  by  the  eiiainple  of  Mr. 
Hanfen,  borrowed  thii  capital  improvement  ftom  him.  Dant- 
3uck  Memoirt,  Vol.  i.  p.  278,  179. 

G  4  pended 


88      The    DISCOVERIES 

pended  on  filk  horizontally  before  the 
globe  *. 

To  prevent  the  tube  from  doing  any  harm 
to  the  globe,  he  put  a  bundle  of  thread  intp 
the  end  wl^ich  was  next  to  it,  and  which  wa^ 
left  open  for  that  purpofe.  This  expedient, 
belides  occafioning  various  pieafant  phenome- 
na, was  obferved  to  make  the  force  of  the  con- 
ductor much  flronger  -f. 

The  ufe  of  the  globe  was  immediately 
adopted  ia  the  univerfity  of  Leipfic,  where 
Mr.  Winckler,  the  profeflbr  of  language*, 
fubftitutcd  a  cujhion  inilcad  of  tlie  hand,  which 
had  before  been  employed  to  excite  the  globe. 
But  the  heft  rubber  for  the  globe,  as  well  ^ 
^  the  tube,  was,  long  after  this,  ftill  thought, 
by  all  ele-flricians,  to  be  the  human  hand,  dry, 
and  free  from  moifture  ^, 

Mr.  p.  Gordom,  a  Scotch  Benediainc 
monk ;  and  ppofeffor  of  Philofophy  at  Erford, 
was  the  firft  who  yfcd  a  cylinder  inftead  of  a 
globe.  His  cylinders  were  eight  inches  long, 
and  four  inches  in  diameter.  They  were 
made  to  turn  with  a  bow,  and  the  whole  in- 
firument  was  portable.  Inftead  of  a  cake  of 
frrofin,  he  infulated  by  means  of  a  frame,  fur- 
nished with  net  work  of  filk  §. 

The  apparatus,  Hkewife,  of  many  of  the 
German  eledricians  was  very  various-,  and  ex- 
penfive.  Mr.  Winckler,  in  a  paper  read  at 
the  Royal  Society,  March  21ft,  1745  l»  de- 

■  HiAoire  4e  rrlejtricite>  p.  17. 

t  Plltl-  TmdC  abridged.  Vol.  x.  p.  171.        }  lUd.  371. 

^  Hiiloire,  p.  31. 

I  Fbil.  Traof.  sbridgod.  Vol.  x.  p.  17].    . 
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fcrlbes  a  machine  for  rubbing  tubes,  and  an- 
other for  rubbing  globes,  and  compares  the 
effeds  of  them  both.  He  obferves,  that  the 
fparks  which  are  produced  from  glafs  veflels 
drawn  to  and  fro  were  larger,  and  more  ve-  " 
hemently  pungent,  provided  that  thofe  veflels 
were  of  the  fame  magnitude  with  the  globes; 
but  that  the  flux  of  effluvia  was  not  fo  conftant 
as  from  the  globes,  Mr.  Winckler  alfo  in- 
vented a  machine,  which  he  defcribes  at  large 
in  his  works,  by  means  of  which  he  could 
give  his  globe  fix  hundred  and  eighty  turns 
in  a  minute*.  This  gentleman iikewife con- 
trived to  tub  glals,  and  china  velTels,  in  the 
infide ;  and  he  fays  they  ai^ed  as  ftrongty  on 
bodies  placed  on  the  outfide  of  them,  as  when 
they  were  rubbed  on  theoutfidef. 

The  German  ele-ftricians  generally  ufed 
more  globes  than  one  at  a  time,  and  imagin- 
ed they  found  the  effeds  proportionable, 
though  this  fad  was  called  in  queflion  by  Dr. 
"Watfon,  and  others  ;  and  Mr.  NoUet  prefer- 
red globes  made  blue  with  zaffrelj:,  which 
were  carefully  tried,  and  rejeded  by  Dr.  Wat- 
fon afterwards  §. 

Such  a  prodigious  power  of  cledricity 
could  they  excite  from  thefe  globes,  whirled 
by  a  large  wheel,  and  rubbed  with  woollen 
doth,  or  a  dry  hand  (for  we  find  both  thefe 
methods  were  in  ufe  among  them  about  this 

•  Hiftoire.  p.  ji. 

t  Danizick  Mcn)6tri,  Vol.  i.  p.  400. 
X  In  fubr«]ueni  trith  (he  Abbe  himfelf  found  no  adnntije 
in  tKcTe  blue  globei,    Ac.  Par.  1745.  M.  p.  16s. 
i  Phil.  Tranf.  abridged,  Vol.  z.  p.  177. 
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time)  that,  if  we  may  credit  their  own  ac-» 
counts,  the  blood  could  be  drawn  from  the 
dinger  by  an  eleftric   fpark;  the  fkin  would 

'  burft,  and  a  wound  appear,  as  if  made  by 
a  cauftic.  They  fay,  that  if  feveral  globes  or 
tubes  were  ufed,  the  motion  of  the  heart  and 
arteries  of  the  eleflrified  perfon  would  he  very 
fenfibly  increafcd ;  end  that,  if  a  vien  were 
opened  under  the  operation,  the  blood,  iflu- 
ing  from  it,  would  appear  like  lucid  phof- 
phorus,  and  run  out  fafter  than  when  the 
man  was  not  eleflnfied.  Analogous  to  this 
iall  experiment,  Mr.  Gordon  obferved,  that  ' 
water,  running  from  an  artificial  fountain 
eledrified,  was  fcattercd  in  luminous  drops, 
that  a  larger  quantity  of  water  was  thrown 
out  in  a  given  time  than  when  the  fountain 
was  not  eledrificd  * ;  and  that  eleSrificd  wa- 
ter evaporated  fafter  than  water  not  eleiSrified, 
when  expofed  in  fimilar  glafs  veflelsf.  Part 
of  this  account  we  know  might  be  true,  but 
fome  part  muft  have  been  exaggerated.  It  is 
certain  that  Mr.  Gordon  increafed  the  eleftric 
fparks  to  fuch  a  degree,  that  they  were  felt 
from  a  man's  head  to  his  foot,  fo  that  a  per- 
fon copid  hardly  take   them  without  falling 

—  down  with  giddinefs"!:,  and  fmall  birds  were 
killed  by  them  §.  This  he  effe^ed  by  con- 
veying eleflricity,  with  iron  wires,  to  the 
diftance  of  200  ells  from  the  place  of  excitation. 


•  ^h!I,  Tr«!if.  abridgrd,  Vol.  7,  p.  ■jjy. 
t  Dantzkk  Memoiis,  Vol.  iU  p.  357. 
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Jle  alfo  found  that  the  fparks  were  ftronger 
''when  the  wire  was  thick  than  when  it  was 
fmall  *. 

Mr.  Waitz  made  his  glafs  tubes  a<!l 
ftronger  by  rubbing  them  with  a  waxed 
.cloth  and  a  little  oil.  He  alfo  found,  that 
glafs  made  with  very  little  pot-afh,  afted 
much  better  than  that  in  the  compofition  of 
which  much  of  it  was  ufed  j  but  it  required 
longer  time,  and  more  heat  to  vitrify  it.  He 
got  fome  glai^  made  on  purpofe  to  afcertain 
the  faa  f . 

Bv  various  experiments  of  attraction  and 
repulfion,  which  Mr.  Waitz  made  in  rubbing 
a  dog  (whiehhe  had  made  thoroughly  dry  for 
that  purpofe)  he  proved  that  the  flafhes  of 
light,  which  fomctimee  appear  when  animals 
are  ftroked,  are  elcftrical.  This  had  been 
fuppofcd,  but  was  not  accwately  afcertained 
before  J.  It  was  this  gentleman  who  gained 
the  prize  of  50  ducats,  propofed,  in  the  year 
1744,  by  the  Academy  pf  Sciences  at  Berlin, 
for  the  beft  differtation  on  the  fubjeft  of  elec- 
tricity. It  was  publiflied  along  with  three 
others,  which  were  offered  at  the  fame  time, 
and  thought  worthy  of  that  l(onour§. 

Th  e  thing  that  fteikes  us  moft  in  their  ex- 
periments, performed  by  thefe  machines^  is 
their  fetting  fire  to  inflammable  iubftances. 
This  they  were,  probably,  led   to  attempt,"" 
from  obferving  the  vivid  appearance  of  elee- 

*  DtDtsick  Mcinoirj,  Vol.  ii.  p.  ;». 

t  IWd.  p.  38k.  t  Ibid.  p.;8j.         §  Ibid.  p.  380. 


92      The    DISCOVERIES 
trie  light,  the  burning  pain  that  was  felt  by  a 
fmart  ilroke    from  the  conduflor,   and  tlic 
many  analogies    the    ele^Srlc   fluid   evident^ 
!y  bore  to  phofphorus  and  common  fire. 

The  firft  perfon  who  fucceeded  in  this  at^ 
tempt  was  Dr.  Ludolf  of  Berlin,  towards  tlie 
beginning  the  year  1744;  who  kindled,  with 
fparks  excited  by  the  friciion  of  a  glafs  ti}bc» 
the  etherial  fpirit  of  Frobenius.  This  he  dlil 
at  the  opening  of  the  Royal  Academy,  and  in 
the  prefence  of  fom?  hundreds  of  perfons.  He 
performed  the  experiment  by  eledhric  fparka 
proceeding  from  an  iron  condudor.  Mr. 
Winckler  did  the  lame  in  the  May  following, 
by  a  fpark  from  his  own  finger  ;  and  kindled, 
not  only  the  highly  re^ified  fpirit  above-men- 
lioned,  but  French  brandy,  corn  fpirits,  and 
other  fpirits  ftill  weaker,  by  previoufly  heat-s- 
ing them.  He  alfo  fays,  that  oil,  pitch,  and 
fealing-wax  might  be  lighted  by  eleti>ric 
fparks,  provided  thofe  Tubftances  were  firft 
heated  to  a  degree  next  to  kindling  *.  To 
thefe  it  muft  be  added,  that  Mr.  Gralath 
fired  the  fmoke  of  a  candle  juft  blown  out,  and 
lighted  it  again  f ;  and  that  Mr.  Boze  fired 
gunpowder,  melting  it  in  a  fpoon,  and  firft 
the  vapour  that  rofe  from  it. 

The  German  eledficians,  likewife,  con- 
ftrudted  a  machine,  by  which  they  could  give 
fi-idion  to  a  glafs  cylinder  in  vacuo.  By  thefe 
means  they  contrived  to  eledrify  a  wire  which 
terminated  in  t!iie  open  air,  and  there  fliewed 

■1  Phjl.  Tranf.  abVidged,  Vol.  x.  p-  271. 
i  DantzicI;  Meffloirt,'' Val-  ii-  p.  438. 
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t  confidcrable  electric  power.  They  alfo  elec-' 
trified  that  end  whi(;n  was  irt  the  open  air,  and 
made  the  other  end  which  was  in  vacuo  exrtt 
its  eledriclty  •. 

The  fame  Germans  alfo  mention  an  expe- 
timent,  which,  if  purfued,  would  have  led 
them  to  difcov^r,  that  the  fridion  of  the  glafs 
globe  did  not  produce,  but  only  collefl:  the 
clefitric  matter.  But  that  was  a  difcovery  re- 
ferved,  38  we  IhMl  find,  for  Dr.  Watfon.  It 
feeras  that  both  Mr.  Boze  and  Mr.  Allamand 
had  fufpcnded  the  machine,  and  the  man  who 
worked  it,  uj)on  flik;  and  obferved,  that,  not 
only  the  condudor,  but  alfo  the  man,  and 
the  machine  gave  figns  of  eleiiricity  ;  though 
they  did  not  attend  accurately  to  all  the  cir- 
cumftances  of  that  curious  fa£t,  which  did  not 
at  all  anfwer  their  expeftations.  For,  ima- 
gining that  part  of  the  ele£lric  power  was 
continually  going  off  to  the  ground  by  the 
machine,  they  fuppofed  that  the  effeft  erf  in- 
fulating  it,  would  have  been  a  ftronger  elec- 
tricity f. 

In  this  period  it  was  that  Ludolf  the 
younger  demonftrated,  that  the  luminous  ba- 
rometer is  made  perfeftly  electrical  by  the 
motion  of  the  quickfilver;  firft  attrading^ 
and  then  repelling  bits  of  paper,  &c.  fufpend- 
<d  by  the  fide  of  the  tube,  when  it  was  enclof- 
•ed  in  another  out  of  which  the  air  was  ex- 
tracted |.    Before  this  experiment,  thofe  ef- 

•  Phil.  Traof.  abridged.  Vol.  x.  p.  17^. 

+  Wilfon's  Effajr,  preface,  p.  14..     Watfoa'j  Scqud,  p.  J4- 

i  Dxauick  Memoirs,  Vol,  iti.  p.  495. 
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fefts  had  been  afcribed  to  the  air  *.  Profel^ 
for  Hamberger  and  Mr.  Waitz  had  difcover-' 
cd  that  the  motion  of  quickfilver  in  a  glafs 
vcflcl,  out  of  which  the  air  was  extradled, 
had  the  power  of  moving  light  bodies ;  and 
Mr.  Allamand  likewife  found,  that  it  made 
no  difference  whether  the  yelTel  had  air  in  it 
or  not  f. 

About  the  fame  time  alfo,  Mr.  Boze  took 
a  great  deal  of  pains  to  determine,  whether 
the  weight  of  bodies  would  be  affefled  by 
elearicity,  but  he  could  not  find  that  it 
was. 

The  electrical  Jlar^  made  by  turning 
fwiftly  round  an  eleiaritied  piece  of  tin, 
cut  with  points  cquldidant  from  the  center  j 
and  alfo  the  eLBriuil  bells,  which  will  be 
defcribed  hereafter  among  the  furprifmg  and 
diverting  experiments  performed  by  the  help 
of  eledricity,  were  of  German  invention  %. 
The  ftar  was  contrived  by  Mr.  Gordon,  and 
by  turning  the  points  a  little  obliquely,  he 
was  furprifcd  to  lind  it  began  to  move  of  it- 
felf  §.  Laftly,  to  thefe  it  may  be  added,  that 
Mr.  Winckler  contrived  a  wheel  to  move  by 
elcilricity;  that  Mr.  Boze  conveyed  eteflrici* 
ty  fron\  one  man  to  another  by  a  jet  of  wa- 
ter, when  they  were  both  placed  upon  cakes  of 
rofni,  attiie  diftance  of  Ax  paces;  and  that 
Mr.  Gordon  even  fired  fpirits  by  a  jet  of  water  j[« 

•  Hiftoire,  p    89. 

f  Dantzick  Mtmoirj,  Vol.  ii.  p.  416. 

1  Nnllet'i  Recherches,  p.  187. 
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^^  M«.  Gottfried  HeinrickGrummert, 
of  Blala  in  Poland,  made  a  curious  experiment 
upon  electric  light,  which,  as  we  fliall  fee, 
was  afterwards  made  and  purfued  to  great 
advantage  by  Dr.  Watfon  and  Mr.  Canton. 
Iq  order  to  obfcrve  whether  an  exhaufled  tube 
would  give  light  when  it  was  eledriBed,  as 
welt  as  when  it  was  excited,  he  prefented  one, 
eight  inches  long,  and  a  third  of  an  inch 
wide,  to  the  eledrified  conduQor,  and  was 
furprifed  to  find  the  light  dart  very  vividly 
the  whole  length  of  the  tube.  He  alfo  ob- 
lerved,  that,  fome  time  after  the  tube  had  been 
prefented  to  the  condudior,  and  expofi^d  to 
nothing  but  the  air,  it  gave  light  again,  with- 
out being  brought  to  any  eledrified  body. 
This  light  in  vacuo  Mr,  Grummert  propofed 
to  make  ufe  of  in  mines  and  places,  where  ^ 
common  fires,  and  other  lights  cannot  be  had, 
and  for  this  purpofe  he  mentions  fereral  me- 
thods of  increafing  this  light  *. 

I  SHALL  conclude  this  account  of  the  dlf* 
ooveries  of  the  German  Philolbphers  in  this 
period  with  a  very  curious  one  of  profeffor 
Kruger,  concerning  the  change  made  in  the 
colour  of  bodies  by  the  eledlric  efBuvia.  In 
order  to  try,  whether  there  was  any  thing 
of  fulphur  in  thefe  effluvia,  he  expofed  the 
red  leaves  of  wild  poppies  to  the  eleitric  ^. 
fpark,  and  found  that  they  were  prefenily 
changed  to  white.  He  was  not  able  to  pro- 
duce any  change  in  yellow   colours,  nor  in 

*  Ti/ualik  Menoiri,  Vol.  i.  p.  ^xf. 
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blue  immediately;  but  found  that  when  they 
had  lain  a  day  or  two,  after  being  expofed  to 
this  operation  they  became  white,  in  thefe 
experiments  the  leiTCS  were  fattened  with 
white  wax  to  plates  of  tin  *. 

Such  a  general  attention  was  excited  to.' 
electricity  by  ■  thefe  curious  difcoveries,  tbat^ 
in  the  year  i  745,  ele&ical  experiments  were 
exhibited,  in  Germany  and  Holland,  for 
money,  asafhow;  and  pubUc  adrertifements 
appeared  in  the  newa-papcrs  for  that  pur- 
pofe  t- 

The  firing  of  the  effluvia  of  bodies,  which. 
■was  iirft  done  in  Germany,  was  foon  after  re- 
peated in  iCngland,  and  among  others  by. 
Dr.  Miles;  who,  as  appears  by  a  paper  of 
his,  read  at  the  Royal-  Society,  March  the 
^tb,  I745>  kindled  phofphorus  by  the  appli- 
cation of  the  excited  tube  itfelf  to  it  without 
the  intervention  of  any  conduflor :{:. 

This  gentleman's  tube  happening  to  be  la 
excellent  order  upon  this  occafion,  heobferv- 
ed,  and  was  perhaps  the  firft  who  obftrved, 
■pencih  if  rays,  which  he  calls  corafcatians, 
darting  from  the  tube,  without  the  aid  of  any 
conductor  approaching  it.  Of  thefe  corufca- 
tions  he  gave  a  drawing,  which  anfwers  pretty 
exadly  to  the  appearance  of  fuch  pencils  at 
are  now  very  common,  particularly  .fiace  Mr. 
Canton  has  taught  us  the  uie  of  the  amal- 
gama,    by   which  a  ^ube  .may  be  excited 

•  Dantzifk  Meinotrs,  Vol.  iii.  p.  393. 

t  Ibid.  Vol,  ii.  p.  399. 

i  PhiL  Trutf.  Abridged,  Vol.  i.  p.  373. 
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ihuch  more  ftrongly  than  it  could  have  been 
before  *'. 

But  thfe  itioft  diftingmflied  name  in  this 
period  of  the  hi flofy  of  eledricity,  .is  that  of 
~r.  Watson.  He  was  one  o'f  the  firft  among 
the  Englifli  Who  took  up,  and  improved  up- 
on, the  difcoverlcs  made  by  the  Germans  i 
and  to  his  ingenuity,  and  intenfe  applicationf 
We  owe  mdny  curious  improvements  and  dif- 
coveries  in  eledricity.  His  firft  letters  to 
the  Royal  Society  on  this  fubje(i  are  dated 
between  March   28th,   and    Oftober  24th, 

Dr.  Watson*8  attention  to  the  fubjeft  of 
feledricity  feems  firft,  or  principally,  to  have 
been  engaged  by  the  accounts  of  the  X5er- 
mans  having  fired  fpirit  of  wine  by  it.  In 
this  experiment  he  fucceeded ;  and,  more- 
bver,  found  that  he  was  able  to  fire,  not  only 
the  ethereal  fpirit  of  Frobenius,  and  reSified 
fpirit  of  wine,  but  even  common  proof  fpirit. 
He  alfo  fired  air  made  inflammable  by  a  che- 
mical procefs  -f-.  He  cVen  fired  both  fpirit  of 
wine,  and  inflammable  air,  by  a  drop  of  cold 
water,  thickened  with  a  mucilage  made  with 
the  fefed  of  flea-wort,  and  even  with  ice  J.  He 
alfo  fired  thefe  fubftanccs  with  a  hot  poker 
electrified,  when  it  would  not  fire  them  in 
any  other  ftate  §.  He  fired  gunpowder  and 
difcharged  a  mufltet  by  the  power  of  eleftri- 
city,  when  the  gunpowder  had  been  ground 
with  a  little  camphor,  or  a  few  drops  of  fome 

•  Phil.  TrMf.  abridged.  Vol.  x.  p  271. 

i  Ibid^p.  236.        (  Ibid,  p.  290.  f  Ibid.  p.  38S. 
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inflammable  chemical   oil  '.     Laflly,  it  was 
a  diicovery  of  Dr.  Watfon'a,  that  thefe  fob- 
ftances  -were  capable  'of  being  fired  by  what 

_he  calls  the  repulfive  poiv^r  of  electricity ; 
which  was  performed  by  the  eledrified  per- 
fijn  hokliiig  the  fpoon  v/hich  contained  the 
filbftance  to  be  ftred,  and  aiKjther  perfon,  not 
eleflrified,  bringing  his  finger  to  it  -|-.  Be- 
fore this  time,  the  fubftance  to  be  fired  had 
always  been  held  by  a  perfon  not  eleftrified. 

In  his  attempts  to  fire  elcdrica  per  fe,  zs 
iurpentine,  and  halfam  of  capivi,  by  this  re- 
pulfive power,  he  tliought  he  confuted  an 
opinion  which  had  prevailed  among  many 
perfons,  that  clefliricity  only  floated  on  the 
ftirfaces  of  bodies,  for  he  found  that  the  fume 
of  thefe  fubftances  could  not  be  fired  by  a 
fpark  fetched  from  the  fpoon  which  contain- 
ed them.  This  fpark  muft  therefore  pafs 
through  the  eledric,  from  the  iurface  of  the 
fpoon  below,  which  was  in  contad;  with  the 
eledtrified  conduiflor. 

Electrifying  a  number  of  pieces  of 
,  fine  fpun  glafs,  and  other  pieces  of  wire,  of 
the  fame  length  and  thicknefs,  he  was  agrees 
ably  amufed  by  obfer\-ing,  that  the  threads 
of  glafs  jumped  to  the  eleitrified  body,  and 
adhered  to  it  w^ithout  any  fnapping;  where- 
as, the  wires  jumped  up  and  down  very  faft, 

-  giving    a   fnap,    and  a  fmall  flame,    every 
time  X. 


•  Phil.  Tianf.  abridged.  Vol.  x.  p.  ^^. 
+  Ibid.  p.  :8i.  t  ibid.  p.  Il6. 
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I^a  paperread  at  the  Royal  Society, Fcbni- 
ftry  6th,  174^,  he  obfcrved,  that  ele£lric 
fparks  appeared  different  in  colour  and  form, 
according  to  the  fubftances  from  vjhich  they 
proceeded  J  that  the  fire  appeared  much  red- 
der from  rough  bodies,  as  rufty  iron,  &c. 
than  from  poHfhcd  bodies,  though  they  were 
ever  fo  fliarp,  as  from  polifhed  fciflars,  &c. 
He  judged  that  the  different  appearance  was 
owing  rather  to  the  different  refle£lion  of 
the  eleOiric  light  from  the  furface  of  the  bo- 
dies from  which  it  was  emitted,  than  to  any 
difference  in  the  fire  itfelf  ". 

He  alfo  obferved,  that  eleftricity  fuffered 
no  refraSion  in  pervading  glafs  ;  having 
found,  by  exail  obfervations,  that  its  direc- 
tion was  always  in  right  lines,  even  through 
glaffes  of  different  formi,  included  one  with- 
in another,  and  large^  .(paces  left  between 
each  glafs  t;  that  if  books  or  other  non- 
ele-llrics  Were  laid  upon  glafs  and  interpofed 
between  the  excited  eleflric  and  light  bodies, 
the  diredlion  of  the  virtue  was  ftill  in  right 
lines,  and  feemed  inftantly  to  pafs  through 
both  the  books  and  the  glafs.  In  thefe  ex- 
periments he  conftantly  obferved,  that  the 
cle£tric  attradion  through  glafs  was  much 
more  powerful  when  the  glafs  was  made 
Warm  than  when  it  was  cold  J.  He  fome- 
times  found  ele£tricity  to  pervade,  though  ia 
fmall  quantities,  elcdric?  of  above  four  inches 
thick  §. 

•Phil.  Tranf.  abiiJse'i'  Vol.  x.  p  ic.  t  Ibid.  p.  191. 

X  IbiJ.  p.  192.  ^  Ibid.  p.  3<jj. 
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He  fays,  that  in  eledriying  fubftancea  of 
great  extent,  the  attradive  power  was  firft 
obferved  at  that  part  of  it  which  was  moft  rci 
mote  from  the  excited  eleftrrc. 

He  made  forae  experiments  ■Which  fhowtd, 
that  the  fire  of  eleiarfcity  waS  afFeiaed,  neither 
by  the  prefence,  nor  the  abfence  of  other 
tire.  One  of  his  experiment^  waff  Made  with 
a  chemical  mixture,  thirty  degrees  below  the 
freezing  point'  of  Fahrenheit's  thermometer  y 
from  which,  when  eledrified,  the  flalhea  wert 
as  powerful,  and  the  ftrokes  as  fmartj  as  from 
red  hot  iron  *. 

In  a  fequel  to  the  aBm^c  experiments,  reaJ 
the  3oih  of  Qtaober  1746,  Dr.  Watfon  meil- 
tions  his  having  lined  a  glafs  globe  to  a  con- 
fiderable  thrcknefs  with  a  mixture  of  wax  and 
rofin ;  but  he  found  no  difference  between 
that  and  the  other  globe*  t- 

He  alfo  made  vat  ions  experi^ertts  with"  a 
number  of  globes,  whirled  at  the  fame  time, 
and  having  one  common  conduflor ;  and  con- 
'cjuded  from  them,  that  the  power  of  eledri- 
city  was  increafcd  by  the  number  and  fize  of 
the  globes,  to  a  certain  degree,  but  by  no 
means  in  proportion  to  their  number  and  fize. 
Yet  the  Doa:or  allows  a  very  great  increafe, 
in  an  inference  he  makes  from  thefe  very  ex- 
periments. As  bodies  to  be  eledtrified,  he' 
fays,  will  only  contain  a  certain  quantity  of 
clei3ricity ;  when  that  quantity  is.  acquired, 
•iv/iicA  is  fooneji  done  by  a  number  of  globvs<»  th^ 

•  Phil.  Tranf.  abridged,  Vd.  x,  p.  193. 
t  Ibid.  p.  295. 
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THE  DISCOVERY  OF    THE  LeYDT.N  PHIAI, 
IN  THE    YEARS   I745  AND     J746,    TO  Dk, 

FRANKLIN'e  discovesies. 


SECTION     I. 

The  HISTORY  of  thk  LEYDEN   PHIAL 

ITSELF,    TILL  DR.  FRANKLlN's    DISCO- 
VERIES RELATING  TO  IT. 

THE  end  of  the  year  1745,  and  the 'be- 
ginning df  1746  were  famous  for  the 
moil  furprifing  difcovery  that  has  yet  been 
made  in  the  whole  bufmefs  of  ele£lricity» 
which  was  the  wonderful  accumulation  of  its, 
power  in  glafs,  called  at  firft  the  Leydkk 
PHIAL;  becaufe  made  by  Mr.  Cuneus  a  na- 
tive of  Leyden,  as  he  was  repeating  fome  ex- 
periments which  he  had  feen  with  Meflrs. 
Mufchenbroeck,  andAIIamand,  profeflbrs  in 
the  univerfity  of  that  city  *.  But  the  perfon 
who  firft  made  this  great  difcoveryj  was  Mr. 
Von  Kleift,  dean  of  the  cathedral  in  Camin ; 
who,  on  the  4th  of  November  1745,  fent  an 
account  of  it  to  Dr.  Lieberkuhn  at  Berlin. 
This  account,  as  taken  by  Mr.  Gralath  out 

•  Dalibarifa  HiHoirc  abrigesi  p.  3j. 
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"  by  the  fhock  of  it.  It  appears  to  me  yerj; 
,  "  estraordmary,  that  when  this  phial  and  nail 
"  are  in  contail  with  either  conducing  or 
"  non-condudling  matter,  the  ftrong  flioclq 
*•  does  not  follow.  I  have  cemented  it  to 
"  wood,  metal,  glafs,  fealing-waj:,  &c.  wherj 
"  I  have  eledtrified  without  any  great  cffe^. 
**  The  human  body,  therefore,  muft  contn- 
"  bute  fomething  to  it.  This  opinion  iscon- 
"  firmed  by  my  obferving,  that,  linlefs  i  hold 
"  the  phial  in  my  hand,  I  cannot  fire  fpirit^ 
f*  of  wine  with  it*." 

Notwithstanding  Mr.  Klclft  imme- 
diately communicated  an  account  of  thi^ 
famous  experiment  (which  indeed  it  is  evi- 
dent he  has  but  imperfectly  defcribed)  to  Mr. 
"Wincklef  at  Letpfick,'  Mr.  Swiettiki  of  Dant- 
zick,  Mr.  ICriiger  of  Hall,  and  to  the  profcf- 
fors  of  the  academy  of  Lignitz,  as  well  as  to 
Dr.  Lieberkixhn  of  Berlin  above-rnentioned, 
they  all  relumed  him  word,  that  the  experi- 
ment did  not  fucceed  with  them.  Mr.  Gra- 
)ath  ofD'antzick,  was  the  firft  with  whom  ^t 
anfwercd  ;  but  this  was  not  till  'after  feveral 
fruitlefs  trials,  and  receiving  farther  inftruc- 
tions  from  the  lnverit';r-f-.' 

The  Abb^  Nollet  had  information  of  th\s 
tlifcovery,  and)  in  coniequence  of  it,  fays,  in 
a  letter  to  Mr.  Samuel  Wolfe,  of  the  Society 
of  Dantzick,  dated  March  9th,  174.6,  that 
the  experiment  atLeyden  was  upon  principles 
fimilar  to  this  made  with  a  phial  half  full  ^f 

P  Pnxxitk  MemMTi,  Vol.  i.  p,  407.        f  Ibli.  p  411. 
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Mr.  Ai-lamand  anil  Mr.  Mufchenbroeefc 
?ffcre  the  firft  who  repeated  and  publiflied  aij 
Recount  of  this  esperiment  in  Holland,  the 
Abb^  NoUet  and  Monlieur  Monnier  in 
,  Frai>cc,  and  Meffrs.  Gralath  and  Rugger  ii^ 
pemiany  *. 

It  is  extremely  curious  to  obferve  the  de- 
fcriptlops  which  philofophers,  who  firft  felt 
the  eleitrifkal  fliock,  give  of  it;  efpecially  a^ 
iwe  are  fure  we  can  give  oiirfelves  the  fame  fen- 
fation,  and  thereby  compare  their  defcriptlon^ 
with  the  reality.  Terrprand  furprizc  certain- 
ly contributed  not  a  Httle  to  the  exaggerated 
accounts  they  gave  of  ic ;  and,  could  we  not 
have  repeated  the  experiment,  wc  fliould  have 
formed  a  very  different  idea  of  it  from  what 
it  really  is,  even  when  given  in  greater 
ftrength  than  thofe  who  firft  felt  this  eledrical 
fhock  were  able  to  give  it.  It  will  amufe  my 
Readers  if  I  give  them  an  example  or  two. 

Mr.  MusCHENBROhiCK,  who  tried  the  ex- 
periment with  a  very  thin  glafs  bowl,  fays, 
in  a  letter  to  Mr.  Reaumur,  which  he  wrote 
V  foon  after  the  experiment,  that  he  felt  . 
himfelf  ftruck  in  his  arms,  ftioulder  and 
breaft,  fo  that  he  loft  his  breath,  and  was  two 
days  before  he  recovered  from  the  cfFeds  ©f 
the  blow  and  the  terror.  He  adds,  that  he 
would  not  take  a  fecond  fliock  for  the  king- 
dom of  France  t- 


•  DantJiick  Mcmoiri,  Vcl  ii. 
•J-  Hifioiri,  del'.'l(i?wici;e,  p.  3 
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flf  the  renowned  Empedocles,  faid  hewiAcd 
]be  might  die  by  the  eledtric  fliock,  that  the 
account  of  his  death  might  furnifli  an  article 

~  for  the  memoirs  of  the  French  Academy  of 
Sciences  *.  But  it  is  not  given  to  every  elec- 
trician to  die  in  fo  glorious  ^  -manner  as  the 
juftly  envied  Richman. 

It  was  this  aftonifjilog  experiment  that 
gave  eclat  to  eledlricity.  From  this  time  it 
became  the  fubjed  of  general  converfation. 
Every  body  was  eager  to  fee,  and,  notwith- 
ftanding  the  terrible  account  that  was  report- 

-  pd  of  it,  to  J'eel  the  experiment ;  and  in  the 
fame  year  in  which  it  yvas  difcovered,  num- 
bers of  perfons,  in  almoft  every  country  in 
Europe,  got  a  livelihood  by  going  about  and 
fliowing  it. 

While  the  vulgar  of  every  age,  fex,  and 
rank  were  viewing  this  prodigy  of  nature  and 
philofophy  with  wonder  and  amazement,  we 
flre  not  furpfizpd  to  find  all  the  eleiSricians  of 
Europe  immediately  employe^  in  repeating 
this  great  experiment,  and  attending  to  fhe 
circumftances  of  it.  Mr.  Allamand  remark- 
ed, that,  -when  he  firii  tried  it,  he  flood  fim- 
ply  upon  the  floor,  and  not  upon  cakes  of 
rofin.  He  faid,  that  it,  did  not  fucceed  with 
all  kinds  of  glafs;  for  that,  though  he  had 
tried  feveral,  he  had  perfe<S  fuccefs  with  none 
but  that  of  Bohemia,  and  that  He  had  triec| 
Englifh  glafles  without  any  effe^  at  all  -f-. 
Profeflbr  .-Mufchcnbrocck  at  that  time  only 

•  ^illoire,  p.  164. 

f-  Phil.  Tranf,  abridged.  Vol.  x.  p.  32^. 

obierved* 

--«i^ 


n,gN.«Jrv  Google 


iio  The    history    ot 

a  ibock  to  twenty  perfons  ;  and  he  fays,  he 
did  not  doubt,  bul  it  might  be  given  to  ti 
thoufand  •.  When  thefe  perfons  were  con- 
nefled  by  pieces  of  metal,  and  did  not  hold 
one  another's  hands,  they  found  the  fame 
fhock,  but  not  when  they  held  wood,  and 
Ofther  imperfefl  conduflorsf.  This  gentle- 
man, alfo,  gave  a  ihock,  by  means  of  long 
wires,  to  a  jierfon  ftandiug  i:i  a  garden,  while 
he  himfclf,  who  direified  the  experiment,  had 
the  machine  in  a  part  of  the  houlc  at  a  confi- 
derable  dirtance  :f ;  and  he  was  the  firft  who 
made  what  we  now  call  an  elcch-icjl  batUryy 
for  he  increafed  the  fliock  by  charging  feverat 
phials  at  the  fame  time  f.     Laftly  he  obferv- 

■*  cd  that  if  the  phial  had  the  Icaft  crack  in  it,- 
it  could  never  give  a  fhock;  and  alio  that 
when  a  phial  was  difchargcd  it  acquired  afmall 
charge  by  ftanding,  without  receiving  any 
thint;;  fi'om  the  machine,  fo  as  to  give  a  fmail 
fhovkl|.     This  is  what  wc  now  call  the  r^;- 

-  iluum  of  a  charge,  and  is  properly  that  part  of 
the  charge  that  lay  on  the  uneoatedpartof  the 
phial,  which  doth  not  let  go  all  its  eletOricity 
at  once ;  fo  that  it  is,  afterwards,  gradually 
diffufcd  to  the  coaling. 

M,;.  WiNCKLER  found  out  the  method  of 

.  making  the  difcharge  of  the  phial  without 
feeling  the  flicck  himftlf,  by  not  bringing 
his  own  body  into  the  dire-C  circuit^.  He 
alio  gave  the  flaotk  when  fevcral  ells  of  run- 

•  Oi-'-T'cf;  Mrrcoirs,  Vol.  ii.  p.  459.         f  Ibid.  p.  440. 

'     ■  ■  ■  %  Ibid.  p.  cci. 

.'-'-■;■  :^' S">'  S  Ibid.  Vol. ii.  p.  459- 
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niQg  water,  in  his  garden,  made  part  of  the 
circuit.  This  he  did  on  the  28th  of  July 
1746,  ahout  the  fame  time  that  Monfieur 
Monnier  performed  the  fame  experiment  \A 
France*.  And,  laflly,  he  found,  that  the 
more  globes  were  ufed,  and  the  larger  they 
were,  the  ftronger  wa«  the  ftiockf.  This 
muft  be  the  confequence  of  increating  the 
■power  of  excitation. 

Whbn  Mr.  Jaliabert  made  the  Leyden  ex- 
periment with  hot  water,  the  phial  broke  by 
a  fpontaneous  difcharge,  and  a  circular  piece, 
two  lines  and  a  half  in  diameter,  was  thrown 
-from  the  place  of  the  rupture,  againft  a  wall, 
which  was  at  the  diftance  of  five  feet.  The 
veflei,  he  fays,  had  no  crack,  or  other  .  in- 
jury J.' 

Dr.  Watson,  who  gives  an  account  of 
this  famous  experiment  in  the  Philofophical 
Tranfaflions,  obferves,  that  it  fucceeded  beft 
when  the  phial,  which  contained  the  water, 
was  of  the  thinneft  glafs,  and  the  water 
'  warmer  than  the  ambient  air.  He  fays  he 
tried  the  effed  of  increafmg  the  quantity  of 
water  in  glafs  veflels  of  different  fizes,  as  far 
as  four  gallons,  without  in  the  leafl:  increaf- 
ing  the  ftroke.  He  alfo  obferved,  that  the 
force  of  the  ftroke  did  not  increafe  in  propor- 
tion to  the  fize  of  the  globe,  or  the  number  of 
globes  employed  upon  the  occafion ;  for  that 
.he  had  been  as  forcibly  flruck  with  a  phial 


*  Danisick  Memoiri,  Vol.  iii.  p.  504. 

t  Ibid.  p.  516.  X  ialUbcii't  Experlet 
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charged  by  means  of  a  globe  of  feven  inches 
in  diameter,  as  from  one  of  fixteen,  or  from 
three  of  ten ;  and  that,  at  Hamburgh,  a  fphere 
had  been  employed  of  a  Flemifh  ell  in  dia- 
meter. Without  the  expedted  increafe  of 
power.  But,  in  both  thefe  obfervations,  there 
muH  have  been  fome  miftake.  He  founds 
that  if  meccury  was  ufed  infteail  of  water, 
the  ftroke  was  by  no  means  increafed  in  pro* 
portion  to  its  fpecific  gravity.  He  alfo  firft  ob- 
ferved,  that  feveral  men,  touching  each  other, 
and  landing  upon  elef tries,  were  all  ihocked, 
though  only  one  touched  the  gun  barrel;  but 
that  no  more  fire  was  vffible  from  them 
all,  than  if  one  had  only  difcharged  it. 

Several  of  thefe  obfervations  fliow  how 
imperfe-Hly  this  great  experiment  was  under- 
Hood,  for  fome  time  after  it  was  fitft  made. 
Dr.  Watfon,  however,  oblcrved  a  circumftance 
attending  the  charging  of  the  phial,  which,  if 
purfued,  would  have  led  him  to  the  difcoverr, 
which  was  afterwards  made  by  Dr.  Franklin. 
He  fays,  that  *'  when  the  phial  is  well  elec- 
**  trified,  and  you  apply  your  hand  thereto, 
"  you  fee  the  fire  flaih  from  the  outfide  of 
*'  the  glafs,  wherever  you  touch  -it,  and  it 
"  crackles  in  your  hand  *'.'* 

He  alfo  obferved,  that  when  a  fingle  wire 
only  was  faftened  round  a  phial,  properly 
filled  with  warm  water,  and  charged  f  upon 
the  inftant  of  its  explofion,  the  electrical  cor- 
rufcations  were  feen  to  dart  from  the  wire, 

*  Philofopiucal  TtanfaOioai-Abiiilgei],  Vol.  x.  p.  2$Et. 
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and  to  illuminate  tbe  water  contamed  in '  the 
Dhia). 
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joining  hands,  a  perfon  touching  two  othef 
perfons .  in  the  circle,  who  did  themfeivea 
touch  one  another,  felt  nothing  of  the  fhocfc, 
his  body  making  no  neceflary  part  of  the 
circle ;  and  alfo,  if  a  man,  holding  a  wire, 
which  communicated  with  the  outfide  of  the 
phial,  as  it  hung  upon  the  condu^r,  fhould 
touch  the  conduftor  with  it;  the  explofion 
was  made,  but  the  man  felt  nothing  *. 

In  a  paper  read  at  the  Royal  Society,  Ja-' 
nuary  21ft,  1748,  Dr.  Watfon  mentions  an- 
other difcovery  relating  to  the  Leyden  phial, 
which  Dr.  Bevis  fuggefted,  and  he  completed. 
Having  been  before  fiilly  fatisfied,  that  the 
fhock  from  the  phial  was  not  in  proportion 
to  the  quantity  of  matter  contained  in  the 
glafs,  but  was  increafed  by  it,  and  likewife 
by  the  number  of  points  of  non-<ledric  con- 
tad  on  the  outfide  of  the  glafs  ;  he  ptocured 
three  jars,  into  which  he  put  round  leaden 
fliot,  and,  joining  their  wires  and  coating, 
difcharged  them  all  as  one  jar.  Upon  this  he 
obferved,  that  the  eleftrical  exjAofion  from 
two  or  three  of  thofe  jars  was  not  double  br 
■~  treble  to  that  from  one  of  them  -,  but  th^i  the 
explofion  frofn  three  was  much  loude^'  than 
that  from  two,  and  the  explqfion  frgta  two 
much  louder  than  that  from  one  \.    / 

This  experiment  had  induced  him  to  ima- 
gine, that  the  explofion  from  thofe  jars  was 
owing  to  the  great  quantity  of  /on-ele£tric 
matter  contained  in  them.     And  jwhilft  he  wa» 


•  Phil.  T.anf.  ibridged.  Vol.  x.  p.  3»'i. 
flbid.  p.  37^. 
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Confidering  of  fome  certain  method  of  aflur- 
ing  himfeif  whether  the  fad  was  fo,  Dr.Bevie 
informed  him,  that  he  had  found  the  eleflri- 
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non-eledrics,  he  made  a  circuit  conGfUng  of 
iron  bars,  and  Tpoons  filled  with  fpirits  be- 
tween each  bar  (but  at  feme  fmall  diflaAce 
from  them)*  and,  upon  the  explofion,  all  the 
fpoons  were  on  iire  at  once.  This  was  the 
firft  time,  as  he  obierves,  that  fpirits  were 
fired  without  either  the  fpirits,  or  the  non- 
eleiJtric  on  which  they  were  placed,  being  in- 
fulated,  or  put  upon  original  eledrics.  And 
yet,  he  fays,  though  we  know,  from  its  cf- 
fefits,  that  the  eleftricity  goes  through  the 
whole  circuit  of  non-eleftrics,  with  all  its 
Tigour,  its  progrefs  is  fo  quick,  as  not  to  af- 
fe&,  by  attrading  or  otherwife,  any  light 
bodies  difpofed  very  near  the  non-ele&ics, 
through  which  it  muft  neceflarily  pafs  *. 

It  is  curious  to  obferve  in  what  manner 
Dr.  Watfon  explained  the  fliock  of  the  Ley- 
den  phial,  about  the  time  th.at  he  firfl  made 
the  experiment  with  it.  He  had  then  been 
led  (by  a  courfe  of  experiments  which  will  be 
mentioned  hereafter)  to  the  notion  both  of  the 

•guoffiuxy  and  effiux  of  elcflric  matter  in  all  elec- 
trical experiments.  To  apply  this  principle 
to  the  cafe  in  hand,  he  fuppofed,  that  the 
man  who  felt  the  fliock  parted  with  as  much 
of  the  iire  from  his  body,  as  was  accumulat- 
ed in  the  water  and  the  gun-barrel  j  and  that 

■*  he  felt  the  effect  in  both  arms,  from  the  fire 
which  was  m  his  body,  ruftiing  through  one 
arm  to  the  gun  barrel,  and  through  the  other 
to  the  phial.    He  imagined  alfo,  that  as  much 

*  FUl.  Tranr,  ibfldged,  Vol.  x.  p.  37S. 
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join  a  remarkable  paragraph  of  the  DoStat 
himfelf  upon  this  occ^fioo*  as  I  ,think  it  very 
applicable  even  to  us,  in  this  more  adTance4 
llate  of  the  fcience. 

"  I  TAKE  notice  of  thefe,"  lays  the  Poc- 
tor,  "  in  as  much  as,  notwithftanding  the 
**  very  great  progrefs  which  has  been  made 
*'  in  our  improvements  in  this  part  of  natural 
>  "  philofophy,  within  thefe  few  ye^Bj  pofte- 
•'  rity  will  regard  us  as  only  in  our  noviciate } 
**  and  therefore  it  behoves  us,  as  far  as  we 
*'  can  be  juftified  therein  by  experiment,  to 
**  corred  any  conclufions  we  may  have 
•'  drawn,  if  others  yet  more  probable  prefent 
*'  themfelves  •."  The  Doilor  has  lived  to 
fee,  not  only  that  pojlerity  would  confidcr 
him  and  his  aHiftants  at  that  time,  as  in  their 
noviciate ;  but  he  himfelf.,  already  in  the  courle 
of  a  few  years,  looks  upon  both  himfelf  and 
them  in  the  fame  light.  And,  confidering 
the  quick  advances  flill  making  in  this  fcience, 
it  is  to  be  hoped  he  may  ftill  live  to  f^,  even 
the  cleSricians  of  the  prefent  year  to  have 
been  only  in  their  noviciate. 

Having  feen  what  was  done  by  Dr.  Wat- 
fon  towards  cxpl;uning  tlie  elefliric  fliock,  be- 
fore it  was  undertaken  by  Dr.  Franklin ;  let 
us  &e  what  obligations  we  are  under  to  other 
Englilh  eledricians,  and  particularly  Mr. 
Wiifon. 

Mb..  Wilson  fays  that,  as  early  as  the 
year  1746,  he  difcover£4  a  method  of  giving 

•  Phil.  Trtnr. -abiidge^.  Vol.  ».  p.  37 j. 
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the  fhock  to  any  particuiar'part  of  the  body 
■without  affeaing  the  reft  *.  He  increafed  the 
flrength  of  the  (hock  by  plunging  the  phial 
in  water*  thereby  giving  it  accating  of  water  "^ 
on  the  outfide,  as  high  ae  it  -  w^s  61Ied  on  the 
infide  f. 

In  a  letter  to  Mr.  Smeaton,  dated  Dublia 
Oftobor  6th,  1 746,  he  mentions  his  having 
made  feme  experiments,  in  order  to  difcover 
the  law  of  accumulation  of  the  cleQric  mat* 
ter  in  the  I^eyden  bottle ;  and  found,  that  it  was 
always  in  proportion  to  the  thinnefs  of  the 
glafs,  the  furface  of  theglafs,  and.  that  ofth^ — 
non-eleftrics  in  contaft  with  the  infide  knd 
outfide  thereof.  The  expepiments,  he  fay*, 
were  made  with  water  a  little  warmed,  which 
was  poured  into  the  bottle,  while  the  outfide 
was  immerged  in  a  veflel  filled  with  water, 
but  a  little  colder ;  leaving  three  inches,  or 
thereabout,  uncovered,  which  was  preferred 
dry  and  free  from  duft.  An  account  of  thb 
experiment  he  wrote  to  Mti  Folkes,  and  it 
was  rpad  before  the  Royal  Society,  October 
a3d,  1746,  as  appears  by  their  minutes  of 
that  day,  though  the  original  was  loft  br 
miflaid. 

Another  curious  experiment-Mr.  WiHon 
made,  in  order  to  prove  an  hypothefis, 
which  he  conceived  very  early,  of  the  influ- 
ence of  a  fubtle  medium  furrounding  all 
btidies,  and  refifting  the  entrance  or  exir  of 
the  ele^rlc  fluid.    To  detemune  thi&,  he  made 

*  VilCou't  EJUy,  p.  i3.  f  lSiiif.ju   ■ 
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the  Leyden  experiment  with  a  chain*  and 
confidered  each  link  of  it  as  having  two  fur- 
faces,  at  le^ft ;  fo  that  lengthening  or  Ihorten- 
ing  the  chain,  in  each  experiment,  would  oc- 
cahon  di£Ferent  reiiftances ;  and  the  event,  he 
fays,  proved  accordingly.  When  he  made 
the  difcharge  with  one  wire  only,  he  found 
the  refiAance  to  he  lefs  than  whepi  a  chain  was 
ufed.  But  to  leave  no  room  for  doubt,  he 
caufed  the  chain  to  be  ftrctched  with  a  weight, 
that  the  links  inight  be  brought  nearer  into 
contatft,  and  the  event  was  the  fame  a>  when 
^  fingle  wire  had  been  ufed  *. 

Two  circuits  being  made,  one  confifting  of 
the  arms  of  a  man,  and  the  other  of  the  links 
of  a  chain;  he  found,  that  the  fire  would 
take  the  arms  of  the  man ;  ,but  that  if  the 
chain  were  ftretched,  it  would  take  the  chain. 
No  perfon,  he  fays,  who  has  not  made  the 
experiment,  would  imagine,  with  how  much 
force  the  chain  muft  be  ftretched  before  the 
expo'iment  will  anfwer,  and  the  ele^ic  fluid 
pafs  through  it  without  producing  a  Ipark  at 
any  of  the  links ;  that  is,  before  ^e  links  can 
be  brought  into  ahfolute  contad  with  one 
another,  their  own  weight  being  by  no  means 
fufficient  f. 

Mr.  Wilson  obferved,  that  if  one  part  of 
the  Leyden  phial  wss  ground  very  thin,  and 
eovered  with  fealing-wax  till  it  was  charged, 
and  then  had  the  fealing-wax  taken  off,  and 
a  condudor  communicating  with  the  earth 

*  Letter  to  Voafiley-        f  Wiiron  and  Hmdl^,  p.  6g. 
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twiched  the  thia  partt  the  charge  would  be 
diflipated  in  nearly  half  the  time  that  it  other- 
yrifs  w6uld  have  been  •• 

Hs  obferved  that  bodies,  placed  without 
the  eledric  circuit,  would  be  affected  with  the 
^ock»  if  they  were  only  in  contact  with  any 
part  of  it,  or  very  near  it.  To  fliew  this  to 
;he  mofl  advantage,  he  fet  a  charged  phial 
upon  a  glafs  ftand,  and  placed  feveral  pieces 
of  brafs  upon  the  iland,  one  of  them  in  con- 
tad  with  the  chain  that  formed  the  circuit,  and 
others  a  twentieth  of  an  inch  from  it,  orfroia 
■one  another ;  and,  upon  making  the  difcharge* 
there  was  a  fpark  vifible  between  each  of 
them  f. 

Analtogouf,  in  fome  refpcds,  to  this, 
was  Mr.  'Wilfon*8  obfervation,  that  if  the  cir- 
<^it  was  not  made  of  metals,  or  other  very 
good  condu^rs,  the  perfon  who  laid  hold  of 
them,  in  order  to  perform  the  ncperiment,  felt 
a  conGderable  fhock  in  that  arm  which  was  in 
contad  with  the  circuit. 

He  alfo  obferved,  that  when  the  phial  was 
.coated,  within  and  without,  with  metals,  the 
firil  explofion  bore  the  greateft  proportion  to 
the  fubfequent  ones,  the  whole  charge  being 
diifipated  almoft  at  once ;  whereas,  when  wet- 
ter was  ufed,  the  fubfequent  explofions  were 
more  in  number,  and  more  confiderable ;  and 
that  when  the  phial  was  charged  with  nothing 
but  a  wire  inferted  into  it*  the  firft  explolion 

*  WiUbn't  May,  p.  74.  f  Ibid.  p.  90. 
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Slid  the  fubfocjnent  ones  WEre  fUll  more  near* 
ly  equal. 

Mk.  Wilson  once  happening  to  break  a 
{vaa\\  wire  by  the  convulfive  ihock  given  to 
his  arms  by  the  Leyden  phial,  he  fallened  to 
his  hands,  wdl  guarded  with  leather,  a  large 
wire,  of  the  thicknefs  of  ^  flender  knitting 
needle,  and  placed  himfolf  in  fuch  a  manner, 
that  it  would  neceflarily  be  ftrotched,  if  his 
-arm  fliould  be  convulfed  again.  He  accOTd* 
ingly  dilbharged  the  phial,  and  this  wire  was 
hroken,  like  the  former  *, 
.  Mr.  George  Gkahai^  fliewcd  how  feve* 
■  ral  circuits  for  the  difcharge  of  the  Leyden 
phial  might  be  made  at  the  fame  time,  and 
.the  fire  be  made  to  pafs  through  them  all.  He 
■made  a  number  of  perfons  take  hold  of  a, 
plate  of  metal,  communicating  with  the  out- 
jide  of  the  phial ;  and  all  together,  likewife, 
laid  hold  of  a  brafs  rod  with  which  the  dif- 
charge was  made ;  when  they  were  all  ihock- 
ed  at  the  fame  time,  and  in  the  fame  d&< 
greet- 

Lastly,  Mr.  Canton  found,  that  if  a 
charged  phial  was  placed  upon  eledrics,  the 
wire  and  the  coating  would  give  a  fpark  or 
-  two  alternately  ;  and  that,  by  continuing  this 
operation,  the  phial  would  be  difcharged  X- 
',  This  difcoTery,  which  k  the  firft  that  I 
find  recorded  of  this  excellent  philofopher,  to 
f  whom. the  Icience  of  eledricity  owes  fomuch, 
has  a  near  affinity  to  the  great  difcovery  of 

•  Wilfon'!  Effay,  p.  84.  t  I''''*-  P-  >'8. 

t  Ibid.  p.  64. 
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Dr.  Franklin ;  but  he  did  not  then  obferrc^ 
that  thofe  ahernate  fparks  proceeded  from  the"^ 
two  contrary  ele^icitles.  This  hiftory  will 
furnifh  many  more  inftances  of  perfons  being 
on  the  eve  of  great  difcoyeries,  without  ac- 
tually makingthem.  Both  Mr.  Gralath  and 
Mr.  Richman  obfervedi  in  feveral  cafes,  a 
flronger  fpark  between  two  bofiies,  when  both 
of  them,  were  cle^rified*  than  when  only  one 
of  them  was  in  that  ftate ;  but  neither  of  them 
fufpeded  that  the  eleiflricities  were  pf  a  dif- 
ferent kind  *. 

We  have  feen  what  obfervations  the  Eng- 
1i{h  pbilofbphers  had  made  upon  the  X^eyden 
experiment  before  the  time  of  Dr.  Franklin ; 
let  us  now  take  a  view  of  what  was  done  by 
cle^Tcians  in  other  parts  of  the  world}  with- 
in the  fame  period. 

As  Mr.  Mufchenhroeck*s  letter  to  Mr. 
Reaumur,  concerning  the  experiment  of  the 
phial,  came  at  £(  time  when  many  learned 
men  were  emplclyed  about  eledricity,  the 
Abbe  NoHct,  and  Mr,  De  A^onnier,  gentle- 
men of  the  academy,  zealous  to  fearch  into  fo 
iui  extraordinary  a  phenomenon,  divefting 
themfelves  of  the  fear  with  which  the  pro- 
feflbr's  letter  had  juftly  infpired  them,  made 
.the  experiment  upon  themfelves,  and,  in  like 
manner,  iaid  they  found  the  commotion  very 
terrible.  The  report  of  it  inftantly  fpread 
through  the  court  and  the  city,  from  whence 
all  ranks  of  men  crouded  to  fee  this  new 
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kind  of  thunder,  and  to  experience  the  efficA 
of  it* 

The  Abb^  Nollef  was  the  firft  who  made 
experiments  upon  the  phial  in  France,  ,and 
the  refult  of  many  of  them  was  the  fame 
with  what  Dr.  Watfon  had  difcovered,  for 
which  reafon  I  fliall  not  recite  them  here. 
They  may  all  be  fecn  at  one  view  in  his 
Lemons  de  ph^fiquf^  p.  481,  The  circumftances 
which  the  Englifli  philofophers  hatf  not  at- 
tended to,  are  the  following. 

The  Abb6  received  a. (hock  from  a  botfle 
out  of  which  the  air  had  been  exhaufted,  and 
into  which  the  end  of  his  condud:or  had  been  ' 
inferted.  As  he  was  amufing  himfelf  with 
obferving  the  beautiful  irradiations  of  the 
electric  tight  in  the  veflel,  it  immediately  oc- 
curred to  him,  that,  being  fo  ftrongly  eleflri- 
fied,  it  could  not  fail  to  give  a  (bock  fimilar 
to  that  of  the  Leyden  phial,  and  without  any  . 
farther  reflexion,  laying  one  hand  on  the  vef- 
fel,  and  bringing  the  other  to  the  cohduAor, 
his  conjefture  was  verified,  but  in  a  manner 
that  gave  him  more  pain  than  he  could  have 

i  wifhed.    The  blow  he  received  was  greater, 
he  fays,  than  he  ever  felt  fi-om  the  I^yden 

,  experiment  in  any  other  form  f* 

In  the  fame  place  he  obferves,  that  he 
never  confidered  the  water  in  the  phial  as  of 
any  ufe,  but  to  convey  the  elei^ric  matter  in- 
to the  infide  of  the  glafs  ;  and  that  he  afcrib- 
ed  the  force  of  the  glafs  in  giving  a  fhock,  to 

•  Nolltt's  Lepjw  de  Phyfiqae.  p.  451.  Ac.  Par.  1746.M. 
p.  J,  f  Recherchcii  p.  416. 

that 
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the  fame  inftant  of  time,  and  ail  fclt  the 
ihock  equally  *. 

Mr*  Nollet  aWb  tried  the  effeft  of  the 
tleQiic  fliock  upon  two  birds,  one  of  which 
was  a  fparrow,  and  the  other  a  chaffinch, 
which,  as  far  as  I  can  find,  were  the  firft 
brute  animals  of  any  kind  that  ever  received 
it.  The  cottfequcrice  was,  that  upon  the  6rft 
&ock,  they  were  both  infiantaneoully  ftruct 
'motionlcfs,  and,  as  it  were,  Itfelefs,  though 
'fora  time  only;  for  they  recovered  fome  feiy 
minutes  after.  Upon  the  fccond  fhock,  the 
fparrow  was  flruck  dead,  and,  upon  exatni- 
■  nation,  was  found  livid  without,  as  if  it  had 
-been  killed  with  a  flafli  of  lightning  ;  moft  Of 
'theblood-veflels  in  the  body  being  burft  by  the 
-fliock.  The  chaffinch  revived  as  before  f- 
FiQies  were  alfo  killed  with  the  ele£tric  fhock, 
"by  the  Abbi,  and  others. 

The  circumftance  of  the  blood  veflels  of 
the  fparrow  being  burft  is  pretty  fingular.  I 
haTC  feen  no  fuch  effeft,  when  fmaller  ani- 
mals have  been  killed  by  a  fliock  fifty  times 
as  great  as,  it  is  probable,  the  Abbe  ufed  up- 
on this  occaiion. 

The  Abb^  Nollet,  as  well  as  Mr.  Jallabert, 
mentions  the  burfting  of  glafs  veflels  by  the 
eleSric  explofion.  They  were  pierced,  he 
fays,  with  round  holes,  three  or  four  lines  in 
diameter  $. 

It  feems  that  the  French  philofophers,  aa 
well  as  the  EngUfh,  had  obferved,  that,  if  the 

•  Phil  Tranf..«bri<Jged,  Vol.  x.  p.  33?.  t  Ibid-p.  3j6, 
/e.  Par.  1746.  M.  p.  31.        I  Nuliei's  L«ttiet,  Vol.  i-  p.  4*' 

phial 
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SECTION      IL 

The  methods  vsbd  by  the  French  andt 
English  philosopHesg^  to  measure 
the  distance  to  which  the  elec- 
tric shock  can  be  carried,  and  the 
telocity  with  which  it  passes; 

WE  are  now  come  to  an  ampler  field  of 
eledrical  experiments^  in  which  we 
jhall  be  fpeftators,  not  of  what  might  be  exhi- 
bited in  a  private  room,  and  by  a  few  operators, 
but  where  we  fliall  find  aa  amazing  ipparatus 
neceflaiyt  and  a  great  number  of  afiiftants  in 
the  management  of  it ;  as  well  as  the  greatell 
judgment,  and  the  mofl  unwearied  patience 
in  Uie  conduA  of  it. 

The  French  philofophers  were  the  firil  to 
uipear  in  this  field,  but  they  excited  the 
Englifli  to  go  far  beyond  them  in  thefe  great 
undertakings.  It  has  been  faid  already,  that 
a  circuit  was  made  of  nine  hundred  toifes, 
confifting  of  men  holding  iron  wires  betwixt 
each  two,  through  which  the  eleflric  (hock 
was  fenfibly  felt.  At  another  time,  they  made 
the  fhock  pafs  through  a  wire  two  thoufand 
toifes  in  length,  that  is  near  a  Paris  league, 
or  about  two  Englifli  miles  and  a  half; 
though  part  of  the  wires  dragged  upon  wet 
grafs,  went  over  charmil  hedges,  or  pali- 
fades,  and  over  ground  newly  ploughed  up. 
Into  another  chain  they  took  the  water  of  the 
bafon 
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'The  names  of  the  Englilli  gehtlemen,  ani- 
mated with  a  truly  philofophical  fpirit,  and 
who  were  indefatigable  in  this  bufinefs,  defervtf 
to  be  tranfmitted  to  pofterity  in  every  wori: 
of  this  nature. 

The  principal  agent  in  this  great  fcerie 
tvas  Dr.  Watfoh.  He  planned  and  directed 
all  the  operations,  and  never  failed  to  be  pre- 
tcnt  at  every  experiment.  His  chief  afliftants 
were  Martin  Folkes,  Efq.  prefident  of  the 
Royal  Society,  Lord  Charles  Cavendifh,  Dr. 
Bevis,  Mr.  Graham,  Dr.  Birch,  Mr.  Peter'Da- 
vaU  Mr.  Trembley,  Mr.  Ellicott,  Mr.  Robins, 
and  Mr.  Short.  Many  other  perfons,  and 
fome  of  diftin£tion,  gave  their  attendance  oc- 
cafionaily. 

Dr.  Watson,  who  wrote  the  hiftory  of 
their  proceedirigs,  in  order  to  lay  them  before 
the  Royal  Society,  begins  with  obferving  (what 
was  verified  in  all  their  experiments)  that  the 
eleOiric  Jhock  is  not,  ftriftly  fpeafcing,  con- 
ducted in  the  fliorteft  manner  poflible,  unlefs 
the  bodies  through  which  it  pafies  conduft 
equallywell;  for  that,  if  they  cofidudl  un- 
equally, the  circuit  is  always  formed  through 
the  beft  conductors,  though  the  length  of  it 
be  ever  fo  great. 

The  firft  attempt  thefe  gentlemen  made« 
was  to  convey  the  eleCiric  fhock  acrofs  the 
river  Thames,  making  ufe  of  the  water  of  the 
river  for  one  part  of  the  chain  of  communica- 
tion This  they  accompliflied  on  the  14th 
and  1 8th  of  July  1747,  by  faftening  a  wire 
all  ,along  Weftminfter  bridge,  at  a  confiderable 
6  height 
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height  above  the  water.     One  end  of  this  ■ 
wire  communicated   with   the  coating  of  a, 
charged  phial,  the  other  being  held  by  aa  ' 
obferrer,  who,  in  his  other  hand,  held   aa 
iron  rod,  which  he  dipped  into  the  river.  On 
the  oppofite  fide  of  the  river,  ftood  a  gentlfr- 
man,  who,  Hkewile,  dipped  an  iron  rod   in 
the  river,  with  one  hamd  ;  and  in  the  other  . 
held  a  wire,  the  extremity  of  which  might  ■ 
be  brought  into  contaft  with,  the  wire  of  the 
phial.  -    .   . 

Upon  making  the  difcharge,  the  ihock.  was , 
felt  by  the  obfervers  on  both  fides  the  river, 
but  more  fenfibiy  by  thofe' who  were-  ftation-. 
cd  on  the  fame  fide  with  the  machine  ;'^part. 
of  the  eledric  fire  having  goue  from  the  wirt 
down  the  moift  ftones  of  tiieUjridge,  theretryi 
making  feveral  Ihorter  circuits  to  the  phial? 
but  ftill  ail  palling  throaghi  the  gentlemen: 
who  were  ftationed  on  thefamfi  fide  with  the 
machine.  This  was,  in  a  manner,  demoi^H 
ftrated  by  fome  perfons' feeling  a  fenfible 
jhock  in  their. arms  and  feet,  .who  only  Hap^ 
pened  to  touch  the  wire,  at  the  time  of  one  of 
the  difcharges,  when  they  were  ftanding  up- 
on the  wet  fteps  which  led  to  the  river.  la 
one  of  the  difcharges  made  upon  this  occafibn,  ■ 
fpirita  were  kindled  by  the  fire  which  had 
gone  through  the  river  *. 

Upon  this,  and  the  fubfequent  occaiiona, 
-the  gentlemen  made  ufe  of  wires,  in  prie- 

'  pbil.  TMnf.  abndged(  Vol  x.  p.  394. 
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fercnce  to  chains,  for  this,  among  other  rea- 
fons,  that  the  eleftricity  which  was  conduc- 
ed by  chains  was  not  fo  ftrong,  as  that  which 
was  conduced  by  wires.  This,  as  fhey  well 
obferved,  was  occafioned  by  the  jimdures  of 
the  links  not  being  fufficiemly  clofe,  as  ap- 
peared by  the  fnapping  and  flafliing  at  every 
jiinfturc,  where  there  was  the  leaft  fepara- 
tion.  Thefe  lefler  ihappings,  being  numer- 
ous in  the  whole  length  of  a  chain,  very 
fenfibly  leffened  the  great  difcharge  at  the 
gun-barrel. 

Their  next  attempt  was  to  force  the  elec-- 
trical  Ihock  to  make  a  circuit  of  two  miles, 
at  the  New  River  at  Stoke  Newingtoo.  This 
they  performed  on  the  24th  of  July.  1747,  at 
two  places  ;  at  one  of  which  the  diftance  by 
land  was  eight  hundred  feet>  and  by  water 
two  thoufand :  in  the  other,  the  diftance  by 
land  was  two  thoufand  eight  hundred  feet,  and 
by  water  eight  thoufand.  The  difpofition  of 
the  apparatus  was  fimilar  to  what  they  before 
ufed  at  Weftminfter  bridge,  and  the  effe^  an- 
fwered  their  utmoft  expedation;.  But,  as  in 
both  cafes,  the  obfervers  at  both  extremities 
of  the  chain,  which  terminated  in  the  water, 
f?lt  the  Ihock,  as  well  when  they  flood  with 
their  rods  fixed  into  the  earth  twenty  feet 
from  the  water,  as  when  they  were  put  into 
the  river ;  it  occafioned  a  doubt,  whether  the 
ele^ic  circuit  was  formed  through  the  wind- 
ings  of  the  river,  or  a  much  ihorter  way,  by 
the  ground  of  the  nieadow :  for  the  experi- 
ment 
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Tnent  plainly  (hewed,  that  the  meadow- 
ground,  with  the  grais  on  it^  condui^d  the 
dedricitv  verv  well. 


n,gN.«Jrv  Google 


134  ^"-    WATSON'S  - 

■  Tbe  fame  gentlemen,  pleafed  with  tlu: 
fuccefs  of  their  former  experiments  under-  . 
took  another,  the  objedt  of  which  was,  to  de- 
termine, whether  the  eledric  virtue  could  be 
conveyed  through  dry  ground ;  and,  at  the 
feme  time,  to  carry  it  through  water  to  a 
greater  diftance  than  they  had  done  before. 
For  this  purpofe,  they ,  pitched  upon  High- 
bury-barn beyond  Iflington,  where  they  car- 
'  ricd  it  into  execution  on  the  5th  of  Auguft 
1747.  They  chofe  a  ftation  for  their  ma- 
chine, almoft  equally  diftant  from  two  other 
ftations  for  obfervers  upon  the  New  River  j 
which  were  fomewhat  more  than  a  mile  afun- 
der  by  land,  and  two  miles  by  water.  They 
tad  found  the  ftreets  of  London,  when  dryi 
to  condud  very  ftrongly,  for  about  forty 
yards  j  and  the  dry  road  at  Newington  about 
the  fame  diftance.  The  event  of  this  trial 
aafwered  their  expeiftatlons.  The  eledric 
tire  made  the  circuit  of  the  water,  when  both 
the  wires  and  the  obfervers  were  fupported 
upon  original  eledrics,  and  the  rods  dipped 
into.the  jciver.  They  alfo  both  felt  the  Jhock, 
when  one  of  the  obfervers  was  placed  in  a 
dry  gravelly  pit,  about  three  hundred  yards 
nearer  the  machine  than  the  former  ftation, 
andone  hundred  yards  diftant  from  the  river : 
from  which  the  gentlemen  were  fatisfled, 
that  the  dry  gravelly  ground  had  conduced 
the  eledriciiy  as  ftrongly  as  water. 

From  the  ftiocks  which  the  obfervers  rcr 

ceived   in  their   bodies,    wheij    the    eleflric 

power  was  conduced  wpon  dry  fticks,  they 

were 
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fis  ^as  alfo  the  wire  which  conununicate(| 
with  the  coating  of  the  phial,  which  was 
three  thoufand  eight  hundred  and  fixty-eigh^ 
feet'iong,  and  the  obfervers  were  diilant  from 
each  other  two  miles.  The  refult  of  the  ex- 
ploHon  demonilrated*  to  the  fatisfadion  of 
the' igentlcmeo  prefent/ that  the  circuit  per- 
formed by  th.e  eleflri9  matter  was  four  miles', 
viz. 'two  miles  of  wire,  and  two  of  dry 
ground,  (be  fpace  between  the  extremities  of 
the  wires  ;  a  diftance  which,  without  trial, 
as  they  juftly  obfcrved,  was  .  too  great  to  be 
credited.  A  gun  was  difcharged  at  the  in- 
flant  of  the  explofion,  and  the  obfervers  had 
ftop  watches  in  their  hands,  to  note  the  mo- 
ment when  they  felt  the  fliock:  but,  as  far  as 
they  could  diftinguiOi,  the  titne  in  which  the 
elcjaric  matter  performea  that  vaft  circuit  might 
have  been  ioftantaneoiis  *      '  ' 

In  all  the  explofions  where  the  circuit  was 
made  of  confiderable  length,  it  was  obfcrved', 
that  though  the  phial  was  very  well  charged, 
yet  that  the  ihap  at  the  gun  barrel,  made  by 
the  explofion,  was  not  near  fo  loud  as  when 
the  circuit  was  formed  in  a  room ;  fo  that  a 
by-ftander,  fays '  Dr.  Watfon,  though  verfed 
in  thofe  operations,  would  not  imagine,  from 
feeing  the  Bafh,  and  hearing  the  report,  that 
the  ftroke,  at  the  extremity  of  the  conducing 
wire,  could  have  been  confideraMe;  the  con- 
trary whereof,  when  the  wires  were  properly 
pianaged,  he  fays,  always  happened. 

*  Phil.  Tranr.  abridged,  Vol.  z.  p.  363. 

Stul 
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broecfc,  who  was  greatly  fatisfied  with  ihe 
extent  and  fuccefs  of  them,  faid,  in  a  letter  to 
pr.  Watfon,  upon  the  occafion,  Magnificent 
tijjimis  tuts  experimentis  fuperajli  conaius  om- 
nhim. 

It  is  faid  by  fome,  that  the  laft  of  thefe 
experiments  go  upon  a  wrong  fuppofition, 
and  therefore  can  be  of  no  ufe;  it  being  fup- 
pofed  that  the  very  fame  particles  of  the  elec- 
tric fluid,  which  were  thrown  on  one  fide  of 
the  charged  giafs,  actually  made  the  whole 
circuit  of  the  intervening  conductors,  and  ar- 
rived at  the  oppofite  fide :  whereas  pr.  Frank- 
Iin*8  theory  only  requires  that  the  deficiency 
on  one  fide  of  the  glafs  be  fupplied  from  the 
neighbouring  conductors ;  which  may,  in  re- 
lurn,  receive  as  much  as  they  parted  with, 
from  the  fide  of  the  glafs  that  was  overcharg- 
ed. So  that,  to  be  a  little  more  particular, 
the  redundancy  of  elefl:ric  matter  on  the 
charged  fide  of  a  pane  of  glafs,  only  paifes 
into  the  bodies  which  form  that  part  of  the 
circuit  which  is  contiguous  to  it,  driving  for- 
ward that  part  of  the  fluid  which  was  natural 
to  them;  till,  at  length,  the  fluid  which  re- 
fided  in  thofe  conduflors  which  formed  the 
lail  part  of  the  circuit,  paffes  into  the  ex.- 
haufted  fide  of  the  glafs. 

Bu  T  fiiould  this  be  tlie  cafe  (though  in  great 
difcharges  it  fuppofes  the  natural  quantity  of 
electricity  in  bodies  to  be  very  confiderable) 
and  fhould  Dr.  Watfon,  and  other  philofo- 
phcrs  at  that  time,  have  conceived  otherwife; 
it  does  not  follow,  that  the  experiments  could 
poflibly 


ELECTRIC  CIRCUITS.      139 

pofiibly  determine  nothing:  for  there  ftill  re- 
mains fomething  to  be  meafured,  viz.  the 
time  required  fpr  the  fucceffive  diflodging 
the  eledric  fluid  in  the  whole  length  of  the 
circuit. 

Were  the  whole  mafs  of  the  eleftric  mat- 
ter contained  in  all  the  intervening  condudora 
ftbfolutely  folid,  no  motion  could  be  made  at 
one  extremity,  without  producing  an  inftaa^ 
taneous  motion  at  the  other  j  jult  as  if  one 
end  of  a  rod  be  ftruck,  the  motion  is  injftantly 
communicated  to  the  other  end.  But  this 
cannot  be  the  cafe  in  an  elafilc  medium,  the 
parts  of  which  yield  to  one  another.  In  this 
cafe,  the  motion  is  communicated  in  a  re^l 
fucceffion,  like  a  vibration,  running  the  whole 
length  of  the  circuit;  which  mult  therefore 
take  up  time,  and  be  meafurable.  The  mo- 
tion of  found  may  be  meafured*  though  no 
particle  of  the  yibrating  air  be  finally  difplac- 
ed.  Thefe  great  experimenta  of  Dr.  Watfon, 
therefore,  h^d  a  real  objed,  only  it  appeared 
to  be  too  fmall  to  be  afcertained  by  them. 


SECTION 
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SECTION    in. 

Miscellaneous  discoveries  of  Dr. 
watson,  and  others,  before  the 
TIME  OF  Dr.  franklin. 

THE  firft  of  thefe  difcoveries  in  order 
of  time,  and  in  importance  fecond  to 
none  (except  that  of  the  fiiock  itfelf,  and  Dr. 
iFranklin's  difcoyejry  of  the  different  eledlricity 
of  the  oppofite  fides  of  the  cliarged  glafs)  was 

.  that  of  Dr^  Watfon,  proving,  that  the  glafa 
tufces  and  globes  did  not  contain  the  eleftric 
power  in  themfelves^  hut  only  ferved  as  firji 

'  movers,  ;in4  dftermners^  as  he  calls  it,  of  that 
power. 

He  was  firft  led  to  this  dlfcovery  h/  ob- 
ferving,  that,  upon  rubbing  the  glafs  tube, 
while  he  was  ftandingupon  cakes  of  wax  (in 
order,  as  he  expelled,  to  prevent  any  of  the 
electric  power  from  difcharging  itfelf  through 
his  body  upon  the  floor)  the  power  was,  con- 
trary to  his  expedation,  fo  much  lcfl"?ned, " 
that  no  fnapping  could  be  obferyed  upon  an- 
other perfon's  touching  any  part  of  his  body ; 
but  that  if  a  pcrfon  not  eJedrified  held  his 
hand  near  the  tube,  while  it  was  rubbed,  the 
fnapping  was  very  fenfible  •. 

The  event  was  the  fame  when  the  globe 
was  whirled  in  fimilar  circumftances.    For  if 

■  FhtL  TrwC  abridged,  Vol.  z.  p.  503. 

the 
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the  man  who  turned  the  wheel,  and  who,  to- 
gether with  the  machine  was  fufpended  upon' 
iilk,  touched  the  floor  with  one  foot^  the 
eledric  fire  appeared  upon  the  condu^or;  bwt 
if  he  kept  himfelf  free  from  any  commuojcav- 
tion  with  the  floor,  no  fire  was  produced. 

Dr.  Watson  by  this,  and  the  foUcfwingr 
experiments  in  conjunction,  difcovered,  what 
he  calls,  the  complete  circulation  of  the  elec-«  • 
trie  matter.  He  obfervcd,  that  only  a  fpark 
•or  two  would  ilTue  from  his  hand  to  the  in- 
fulated  machine,  unlefs  he,  at  the  fame  time* 
formed  a  communication  between  the  con- 
du<aor  and  the  floor ;  but  that  then  there  was 
a  conflant  and  copious  fluK  of  the  ele^ric 
matter  to  the  machine. 

Observing,  that  while  his  hand  was  in 
contad  with  the  conduftor,  the  man  who 
turned  this  infulated  machine  gave  fparks, 
which  would  fire  inflammable  fubftances,  and 
perform  other  eledrical  experiments  which 
were  ufually  performed  at  the  condudor;  he 
naturally  imagined,  that  the  fire  ilTued  from 
the  man,  for  the  very  fame  reafon  that  all 
eleiflricians  had  before  imagined  that  it  came 
from  the  conductor;  and  feeing  that  the  man 
gave  no  fire  unlefs  there  was  a  communica- 
tion between  the  floor  and  the  condudtor,  he 
concluded  that,  in  this  cafe,  the  fire  was  lup- 
plied  by  that  communication,  fo  that  the 
courfeof  the  elearicity  was  inverted,  as  he- 
exprelTes  it  •. 

•  Bitil.  Tr»r.  abrldgpJ,  Vol.  Jt.  p  joj. 
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It  was  not  (hen  fufpedted,  that  the  eye 
CQuM  not  diftingulfh  in  what  direftion  an 
ele<3ric  fpark  proceeds.  Elcftricians  natu- 
rallj'  imagihed  thit  all  eleflric  powers,  and 

•  confequentiy  the  eleiflric  fluid,  which  they 
fuppoied  t6  be  the  caufe  of  thefe  powers, 
exifted  in  the  excited  eleiftric,  whatever  it 
was;  and  that  whatever  powers  were  exerted 

'  by  eleclrified  bodies,  proceeded  from  a  real 
communication  of  electric  matter  to  tbem. 
Accordingly,  when  Dr.  Watfon  found  that, 
by  cutting  oflF  the  communication  of  the  elec- 
tric with  the  floor,  all  eledrical  operations 
were  flopped,  he  concluded,  that  the  eledric 
fluid  was  collected  from  the  floor  to  the  rub- 
ber, and  thence  conveyed  to  the  globe.  For 
the  fame  re&fpn,  feeing  the  rubber,  or  the 
man  who  had  -a  communication  with  it,  give 
no  fparks  but  when  the  conduftor  was  con- 
ne<9:ed  with  the  floor,  he  would  as  naturally 
conclude  that  the  globe  was  fupplied  from  the 
conduiflor,  as  he  had  before  concluded  that  it 
was  fupplied  from  the  rubber. 

Co.MPARiNG  both  thefe  experiments  to- 
gether. Dr.  Watfon  was  led  to  infer,  that,  irt 
3)1  eletSrical  operations,  there  was  both  an 

'affittx  of  electric  matter  to  the  globe,  and  the 
conduiftor,  and  likewife  an  effiux  of  the  fame 
electric  matter  from  them*. 

Fending  that  a  piece  of  leaf  filver  was  fuf- 
per\ded  between  a  plate  eleGriBed  by  the  con- 
ductor, and  another  communicating  with  the 

•  Phil.  Tranf.  abridged,  Vol.  Jt.  p.  311. 
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floor,  he  reafons  from  it  in  the  following 
manner.  *'  No  body  can  be  fufpended  in 
**  equilibrio  but  by  the  joint  adion  of  two 
**  different  direifioiis  of  power:  fo  bere,  the 
**  blaft  of  eledric  ether  from  the  excited 
*'  plate  blows  the  filrer  towards  the  plate  un- 
•'  excited,  and  this  laft,  in  its  turn,  by  the 
»*  blaft  of  electric  ether  from  the  floor  fetting 
"  through  it,  drives  the  iilver  towards  the 
"  platfe  eletSrified.  We  find  from  herice, 
**  likewife,  that  the  draught  of  electric  ethet 
*'  from  the  floor  is  always  in  proportion  to 
**  the  quantity  thrown  by  the  globe  over  the 
"  gun  barrel,  or  the  equilibrium  by  which 
"  the  filver  is  fufpended  could  hot  be  main- 
"  lained  *." 

Dr.  Watson  obferves,  that  the  Abbe 
NoUet,  two  years  before  he  made  this  com- 
munication, had-  given  it  as  his  opinioft 
(though  without  any  Experiment  which  prov- 
ed it)  that  the  eleflric  matter  did  not  only 
proceed  from  the  elefttined  bodies,  but  from 
all  others  about  them,  to  a  certain  diftance'l'. 

Some  time  after  this,  Dr.  Watfon  obferves, 
in  a  paper  read  at  the  Royal  Society,  Janq- 
ary  2ift,"  1748,  that  Dr.  Bevis  had  carried 
bis  experiment,  to  prove  that  rubbing  the  ' 
tube  or  the  globe,  only  conveyed,  and  did 
not  produce  the  ele£tric  matter,  farther  than 
he  had  done.  For  he  had  obfervcd,  above  a 
year  before,  that  placing  one  man  upon  elec- 
trics, to  rub  the  tube  or  globe,  and  atiother 

•  Phil.  Tmnf.  »biiaged,  Vol.  x.  p.  310. 
t  Ibid.  p.  31s. 
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alfo  upon  eleSrics  to  touch  them,  as  thecon- 
duftorj  both  the  man  who  rubbed,  and  the 
man  who  touched  the  excited  glafs  would 
give  a  fpark;  and  farther,  that  if  the  j'  touch- 
ed one  another,  the  {napping  was  much 
greater  than  if  either  of  them  touched  a  perfon 
.Sanding  upon  the  floor.  Upon  this  the  Doc- 
tor icems  to  have  corredcd  his  former  opi- 
nion of  the  afflux  and  efflux  of  eleifric  mat- 
ter :  for  he  accounts  for  this  fadt  by  fuppof- 
ing,  that  as  much  eledlricity  as  was  taken 
from  the  perfon  rubbing  was  given  to  him 
who  touched  the  conductor,  being  conveyed 
by  the  globe.  By  this  means  the  eledricity 
of  the  former  of  thefe  iperfons,  he  obferves, 
was  more  rare  than  it  naturally  was,  and  that 
of  the  latter  more  denfe  ;  fo  that  the  denfity 
of  eledlricity  between  thefe  two  perfons  differ- 
ed more  than  that  between  either  of  them, 
and  another  perfon  {landing  upon  the^  floor. 
In  this  manner  did  Dr.  Watfon  difcover,  what 
Dr.  Franklin  obferved,  about  the  fame  time, 
in  America,  and  called  the  f>ius  and  minus  in 
electricity  *. 

Dr.  Watson  obferved  that  the  flame  a^ 
the  end  ofanele£tri6ed  wire  was  fenfible  to 
the  hand,  as  a  cool  blafl  of  wind,  and  that 
when  light  fubfianccs  were  attraSed  and  re- 
pelled between  an  cledrified  plate  and  one 
communicating  with  the  floor,  the  fuccefiion 
of  thefe  alternate  attrai5lions  and  repulfions 
was  extremely  quick,  fo  that  foqietimes  the 

*  Phil.  Tranf.  abridged.  Vol.  x.  p.  369. 
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eye  could  baj-dly  k«ep  pace  with  itj  and  that 
whea  a  glais  globe*  of  about  an  inch  in  dia- 
meter) very  light  a&d  finely  blown,  was  put 
upon  a  plate  of  metal,  and  another  plate 
bung  on  the  coi^udlor  Over  it,  the  ilrokss 
&Oi(i  the  alternate  attraflioni  and  repulfions 
trere  almo^  too  quick  fbr  the  ear.     Frotn  -. 
this.  laA  eitperiment  he  likewife  deduced  an 
arguipent  to  pEove  the  extretbe  velocity  witht 
which  thefe  glafs  globes  were  attraded  and  re- 
pelled. He  fays,  that  if  they  were  let  fall  ftom. 
(he  height  of  fix  feet  or  more  upon  a  wooden 
floor,  or  ereo,  a  plate  of  metal,  they  were 
xareiy  broket^S  bat  that  by  the  attra&ion  and 
Tepulfion  of  them  between  thefe  plates,  thougit 
>  ^  the  diftance  of  no  more  than  one  (ixth  .o£ 
an  inch,  they  werefrequently  beaten  to  piece*  ^4 
The  poftor  alfo  proved,  that  the  eleflric 
iqAtter  paJGTed  through  the  fubftances  of  the 
^etal  oi  ccuamunkation,  and  not  over  the 
fiirface  of  it»  by  covering  a  ivire  with  a  irux- 
tureof^a;x.androfin,  and  difcharging  a  phial 
throvgh^it,,  , 

I  MvsT  here  obferve,  that  Mr.  Mbai- 
nier  .the  younger  difeovered,  that  eledrir 
jcity  IB  not .  communicated  to  homogeneous 
bodies  in  proportion  to  their  malfes  or 
ooantity  of  .matter,  but  rather  in  propor- 
tjoa  to  their  furfaces ;  and  yet  that  all  equal 
furfaces  do  not  receive  equal  quantities  of 
elei^ricity,  b^t  that  thc^  receive  the  moft 
ifhidi  an;  iniojl  extended  in  length ;  that  a 

*  PbU,  TnaT.  tbridgs^  Yd.  x.  p.  3P9. 
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fquare  fheet  of  lead,  for  iaftance,  receireif  a  ~ 
mach  lefs  quantity  of  eleftricity  than  a  fmall ' 
flxip  of  the  fame  metal  with  a  furface  equal  to- 
that  of  a  fquare  fliect  *. 

Mr.  Wilson,  whofe  curious  obfervations- 
on  the  Lcydcn  phial  have  been  m«itioned  in 
a  former  lo^oa,  claims  no  fmall  ihare  of 
honour  in  this.  As  early  a»  the  latter  end  of 
the  year  1 746,  he  made  the  fatne  difcovery 
that  Br*  Wat  fon  haddonc,  viz.  that  the  eledric' 
fluid  did  not  come  from  the  globe,  but  from 
the  earth  itfelf,  and  from  all  other  non-eledric 
bodies  about  the  apparatus.  He  fuggeAed  a 
method  of  proving  this  m  a  lettifr  to  Mr.  £1H- 
oott  from  Chefter ;  and  mentions  his  having 
completed  the  experiment  himfctf  foon  after* 
in  a  letter  to  Mr.  Smeaton,  fromDubKn. 

Having  conceived  that  the  difference  be- 
tween elefhic  and  non-ele^ic  bodies  was 
owing  to  the  different  refiftaiice  which  a 
fuBtU  medium,  as  he  calls  it,  on  the  furfacea 
of  all  bodies  gave  to  the  paffage  of  the  elec- 
tric fluid ;  and  conceiving  that  heat  would 
rarify  this  medium,  and  thereby  convert  elec- 
trics into  non-ele^rics,  he  made  fome  ex!pe^ 
riments  whidi  conBrmed  him  in  that  fappo- 
iition.  He  found  that  one  perfon  might  com- 
muoicate  eleilricity  to  another,  notwkh- 
flanding  the  intervention  of  a  conliderable 
quantity  of  red-hot  glafs.  He  alfo  made  other 
experiments  of  a  fimilar  nature,  as  difcharg-- 
■tfig  phials  by  means  of  hot  glafs,  hot  amber, 

•  PhiUTranl;  abrUged,  Vrt.xi  p.  Sj8. 
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iliid' various  "other  heated  eledrics.  Thei*^, 
however,  as  •  Mr.  Canton  afterwards  obferv- 
"^di  might  "be  owing  to  the  hot  ait  upon  the 
iurfaces  of  thofe  bodies,  Which  he  found  to 
tranfmit  eltt^ticity  very  ivell.  But  another 
experiment^  which  Mt.  Wllfon  made  upon 
melted  rofini  does.ndt  fedm  liable  to  that  ob- 
jeflipii.  He  poured  the  inelted  rofih  into .  k 
phial,  and  found  that  he  conld  give  ihockk 
•witii  it;  but  he  obferved,  that  thefe  fliocks 
diminUhed  asfherofin  grew  cold,  and  that 
■when,  it  wal  quite  cold,  they  entirely  ceafed  *. 

Mr.  Wilson  lAentions  a  Curious  ■experi- 
ment {of  which,  however,  he  docs  flot  fay 
that  he  was  the  inventor)  which  he  made  with 
paper  vanes  Ibick  in  a  cork,  and  fufpended  by 
a  magnet. '  Thefe,  he  lays,  if  they  were 
brought  near  the  point  of  any  body  proceed- 
ing from,  the  prime  conduaqr,  would  turft 
round  very  fwiftly,  but  would  not  turn  at  all 
m  vacuo.  This  blaft  hethotight  was  occa- 
■fipried  by  the  Ifluing  of  the  eleflric  matter 
out  of  the  point,  which  Caufed  a  current  in, 
the  air;  but  be  did  not  try  what  would  be 
■Ihe  confequence  of  prefenting  the  vanes  to  a 
■point  which  received  theeleftric  fluid  f. 

,  Lastly*  Mr.  Wilfon  obferved,  thlt  if  a 
needle  were-  prefented  to  a  piece  of  down 
hanging  to  the  conduflor,  it  would  cHng 
ciofe  to  it  J  but  that,  lipon  prefenting  any 
thing  that  was  blunt,  it  would  be  repelled 
-again;    and  lays    that    Mr.    Canton  made 

•  WiUbn*!  Effijr,  p.  143.  f  im,  p.  141. 
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feveral    curious    experiments   o£   t&e  /*nif 

kind* 

Mk.  Smeaton,  within  this  period,  <J>^ 
fervedi  th^  if  a  man  who  was  infuUted  prefix- 
ed againft  the  globe  with  the  flat  part  o£  hi^ 
hand,  while  another  ^rfon,  Aandlog  on  thf 
floor,  did  the  fame,  in  order  to  excite  it,;  thp 
perfoH  who  was  iofulated  would  hardly  hp 
eledrified  at  all ;  but  that,  sf  he  ooty  laid  bu 
£Qgers  lightly  on  the  rfohev  be  wouU  tie 
cleiSrified  very  ftropgly  f.  rTlveiame  ing^jr 
ous  perfon  alfo  obferved,  that  fipoa  heat^ 
dte  mi4dle  of  a  large  bar  of  iron  to  a  gloving 
heat,  and  eleflrifying  it,  the  ■eledric  power  ^ 
the  part  that  was  heated  was  as  ftroag  as  ^t 
_of  the  cold 'part  J,  ■ 

.  .  For  feveral  curions  (iifcoTcnes  relating  ijp 
tftedricity,  ipade  witbtn  this  period,  we 
are    indebted  to   Br.    Miles.      In  a   pap9 


•  Wilfott'i  Efliy,  p.  141;  t  Ibid.  p.  133. 
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globular  ^pOt  of  fire  to  appear  firft  on  hh  fin- 
ger, from  which  ilTucd  regular  Areams  to- 
wards the  wax,  in  the  form  of  a  comet*8  tail. 
This  is  now  well  known  to  be  the  conftant 
appearance  of  the  eledric  fire  between  an  un- 
dei9ri6ed  body  imd  an  eledric  excited  ne- 
gatively •. 

Dr  Miles  found  a  ftick  of  fulphur  to  pcr- 
fiMrm  very  wefl ;  but  not  at  all,  when  he  had 
put  an  iron  rammer  in  the  center  of  it.  to 
ftrengthen  it.  It  is  remarkable,  that  after 
letting  this  ftick  upright  in  a  cupboard,  it  loft 
all  its  eledric  virtue,  and  could  never  after- 
wards be  excited  in  the  leaft  degree.  This  ef- 
fect the  DoAoT  attributed  to  its  being  put  up 
without  any  cover. 

Dr.  Miles  alfo  mentions  his  having  got  a 
a  tube  of  green  glaft,  w;hich  he  could  never 
excite  but  with  great  difficulty,  and  then  but 
to  a  fmall  degree  f. 

The  fame  ingenious  gentleman,  fome  time 
sfter,  made  an  experiment  upon  pieces  of  leaf 
brafs  in  a  bottle  hermetically  fealed.  To  thefe 
he  found  he  could  give  motion  by  the  ap- 
proach of  the  excited  tube,  iii  the  fame  man- 
ner as'if  they  had  been  in  the  open  air ;  but 
one  appearance  ftrucfc  him,  of  which  he  by 
no-means  givcff  a  faiisfaftory  account.  He 
obfervcd  that  when  he  removed  the  tube  ft-om 
die  exhaufted  glafs  flowly,  no  commotion  was 
feen  in  the  leaf  brafa,  but  a  very  bri£k  one 

.    •  Wilfcn'i  Eflky,  p.  317. 
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upon  removing  it  fuddenly.  ladeed  this  &ft 
could  not  have  been  underftood  but  by  com-' 
paring  it  with  other  fatSs  depending  upon  the 
f^me  principle,  and  which  were  not  difcoTcr- 
ed  till  fome  years  after  *. 

From  England,  to  which,  as  an  Engli{h« 
man,  I  would  give  the  preference  oijly  iq 
matters  of  abfolute  inSifference,  I  pafs  over 
to  France,  where,  next  to  thofe  made  in 
England,'  the  moft  important  difcoverics,  and 
greatcft  number  of  them  were  made  in  the  pe- 
riod of  which  I  am  treating.  And,  without 
all  difpute,  the  greateft  name  in  France,  ia 
this  or  any  other  period,'  except  that  of  Mr. 
Du  Fay,  his  friend  and  aflbciate,  is  that  of 
the  Abbe  NoUet. 

The  favourite  obfervation  of  Mr.  Nollet, 
on  which  he  built  his  darling  theory  of  aflBu- 
ences  and  effluences  was,  that  bodies  not  in- 
fulated,  plunged  in  eledric  atmofpheres, 
fhewed  figns  of  eleftricity.  He  obferved  a 
fenfjble  blaft  from  the  hand  of  a  perfon  not 
eleflrified,  in  the  above,  mentioned  circum- 
ilances,  alfo  the  attradion  and  repulfian  of 
light  bodies  by  them,  the  appearance  of 
flame,  the  diminution  of  their  weight  by  in- 
cr^afed  evaporation  and  perfpiration,  and  al> 
moft  every  other  appearanc  and  effe€t  of  elec-r 
tricity.  I^oreover  obferving  that  bis  £lobe 
coqfrafled  a  foulnefi  while  it  was  whirlings 
even  when  rubbed  with  a  dean  hand,  be  had 
the  curiofity  to  collet  a  quantity  of  the  mat- 

*  pbil.  TivtU  tb'Hsiit  Vol,  z,  p.  $26, 
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ter^hlch  formed  that  foulnefs;  and  finding 
that,  vihen  it  was  put  into  the  6re^  it  had  the 
finel]  of  burnt  hair>  he  concluded  that  it  was 
sn  animal  fubftance ;  and  that  it  had  been  car- 
ried by  the  affluent  eleifbricity  from  his  own 
body  to  the  globe  *. 

The  only  miftake  of  tfaos  Ingenious  philo- 
fopher  Ml  thefe  experiments,  and  whict  was 
tfee  fpurce  of  many  otliers^  which,  in  the 
■  end,  greatly  bewildered  and  perplexed  him, 
was,  tliat  the  eleGriclty  of  the  body,  which 
was  plunged  in  the  atmofphere  of  an  cleftri^ 
fied  body,  was  of  the  fame  nature  with  that 
of  the  ele£h-ified  body.  Had  lie  but  preferr- 
ed the  diftinftion.  whicfh  Mr.  Du  Fay  had 
flifcovered,  between  the  two  eleiiricities,  and 
imagined  that  the  bddy.  eleftrified,  and  that 
ifl^ich  was  plunged  in  its  atmofphere  were 
poffelTed  of  thefe  two  different  and  oppofite 
eledricities,  he  might  have  been  led  to  th6 

freat  difcoveries  made  by  Mr.  Canton,  Dr- 
rankUn,  -and  Mr.  Wilcke ;  which,  we  fliall 
"find,  arofe  from  that  fingle  obfervation;  an^ 
he  would  have  aToided  a  great  jdeal  of  de1>ate 
'and  contention,  which  has  not  ended  to  bis 
iadvantage. 

'  '  This  partial  difcoyery  of  Mr.  Nollet  is  by 
"no  means  the  only  one  of  his,  that  the  hiftory 
of  tfletSricity  prefcnts  in  this  period.  He 
made  iovetal  experiments  on  pointed  bodies, 
and  obferved,  that  thofe .  which '  had  thp 
fmallell:  points  fooneft  threw  out  bruflies  of 

*  Nollc^f  Recherdiei,  p.  14,2. 
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cledric  lightj  but  did  not  flxow  other  figaft 
of  eledridty  fo  ftrong  as  belies  that  were  not 
pointed*.  ,         ' 

He  took  a  great  deal  of  pains . ia  making 
experiments,  in  order  to  determine  the  degree 
in  which  different  fubilances  conduced  thtt 
electric  fluid ;  and  found  that:  the  fmoke  of 
gum  lac,  turpentinC)  karab£,  and  fulphur  did 
not  carry  away  the  eledricity  ^  an  exdted 
t^be  ib  loon  as.the  fmoke  of  linen,  wood*  an4 
more  efpeciallyihe' fleam  of  water,  and  the 
efQuvij^  pf  burning  tallowj  and<^  other. fatty 
fubilances.  Jn  fhort,  he  found,,  that  vapoura 
which  were  not  watery, did  very  little,  or  no 
injury  to  eleSrical  experiments,  provided  the 
tube  was  not  expof^d  ^o  them  near  the  £re 
■which  caufed  (hem-  A  im'ojcy  room  did  not 
prevent  his  performing  experiments,  at  leafl 
Jn  aqy  great. degree ;  nor  were  odoriferous 
pfflu—  "  all  prejudicial  to  them  ■}-. 

Si         a l  curious  obfcrvations  were  mad? 
^y  <         )b^  upon  heat,  and  heated  bodiea. 
He  :         ,  that  a  piece  of  iron  glowing  hoc, 
,fo  as         brow  off  ignited  particles,  did  not 
le^yi         fmallefl  trace  of  eleif^icity  in  an  ex- 
cited        ,  to  which  it  had  been  brought  with- 
thes,  and  only  held  there  two 
i;  but  it  ceafed  to  aSc€t  thp 
c  diflance  before  it  ceafed  to  be 
:>  influence  at  all  long  before 
Tie  eledricity  of  the  tubcj  in 
rzs  probably  conveyed  through 

*  Recberchet,  p,  146.  f  Ibid.  j).  194,  &c. 
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Utie  9it  htaUA  hflUxe  iroa;  as  it  can  hardly 
bc;  Aippofed,  xb»t  tJbe  iron  emitted  juiy  e£9uviA 
ct^ble  of  producing  that  effeiS  ^; 
.  }{b  found  AKtthe  excite  tube  loft  notbiog 
of  iu  ele^dty  iil  :ti»  focus  of  a  burning 
mirror.  That  the  flame  of  a  candle,  or  the 
near  aj^roatji  jof  it.::^'roulddefiro7  eledricity 
bad  been  known  before:  he  obferved,  that 
|be  Qai^e  ^4:^  feiifiUyi  difturbed  by  the  ap- 
pro^ d  the  etcited  tube,  and  he  mentions 
Mr.  I)u  TouTi  and  the  Abb^  Needham's  hav 
\ng  found,  that  the  inteipofition  of  the 
thinneift  piece  of  glaft,  or  of  any  other  fub- 
Aance*  between:  tibe  candle  and  the  tube  pre- 
vented  the  di^patioa  of  ibi  electricity.  From 
Hu^  fa^i  it  was  ijifcned,  that  the  dUBpation 
was.owiog.  to  ibme  effluvia  proceeding  .from 
the  candle  f. 

.  CoHTlNViHO  :hia  obferrations  on  what 
increafed  or  impeded  eledrical  experiments, 
he  found,  Ihat  a  light  body,  placed  on  a 
non-eledric  iUnd.  iEu>Ted  more  briOdy  upon 
the  approach  of  an  ele^ified  body,  than 
when  it  wa»  -placed  upon  an  eledric  fiand  {. 
Several  eledakal.experiments,  he  obferved, 
fue«eeded  beft  yphen'there  was  a  number  of 
l{>e£tat<vs  prefent,  'ind  when  they  drew  near, 
and  flood  clofc  together  to  fee  his  experi- 
ineat9 ;  provided  they  did  not  occafion  fo 
great  a  per^iration  as  made  his  gtaiTes  moift  §. 
Thi«  obfervatiwa  we  ihall  find  accounted  fw 
hereafter  by  Mr.  Wilckc. 

"  ItKherdteti  f.  »i6.  f  Ibid.  p.  319. 

)  Ibid. p.  i:t|S>.  S^Ibid.p.  U3. 
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■  The  Abbe  moitened,  irichw^ter  orfpirit 
of  wine,  a  fleader  and  pointed  bar  of  iron^ 
and  thought  that  the  blaft  from  the  point  ^of 
it  was  mart  fenfible  ifaan  vAca  it  was  not 
moii^ened ;  which .  he  attributed  to  the  elec- 
tric fluid  carrying  away  with  it  fome  df  the 
particles  , of  the  water,  and  of -the  fpirit  of 
wine*. 

.  Some  few  obdervationd  the  Abbe  made  on 
the  difference  betwfxn  excited  and  commnnl- 
catcd  eleflricity,  and  between  the  eledrieity 
of  glaifi  and  that  of  fulphur.  He  obfenred, 
that  the  eledricity  of  an  exerted  globe  or  tube* 
caufed  an  odd  fenfation  upon  the  face,  a&  if  a 
ffider's  web  were  drawn  ovet  it ;  whereas  that 
cffeifl  was  fddom  produced  by  communicated 
eleGiacity.  Excited  clcQricay^  he  alfo  fays, 
might  be  perceived  by  the  fmell,  at  more  than 
a  foot  diftance,  when  ccaiimuaicated  dedri- 
city  could  not  f . 

He  melted  fulphur  in  a  gkfs  globed  by 
turning  it  over  a  chafing  di£h  of  burning 
coals ;  when  he  obferved,  that  fmall  pieces 
offulphur,  befere  they  were  melted,  wereat* 
trailed  and  repelled  by  the  glafe  within,  at 
the  fame  time  that  the  alhes  of  the  coals  were 
attraaed  without  J,  Holdbg  a  piece  <rf  ex- 
cited fulphur  in  one  hand,  wiA  a  piece  of 
down  flicking  to  it,  and  ready  to  fly  off,  the 
down,  he  fays,  would  cling  faft  to  the  fulphw-, 
uppnprefenting-to  it  an  excited  glafs,  tube, 
which  he  held  in  his  other  band  §. 

*  RechsrcliH;  p.  140.  t  Uiid.  p.  136. 

t  lbi<t.  p.  18^.  I.Ibid.  p.  114.-  '  ! 
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I  SHALL,  in  the  laft  place,  recite  the  Abb^ 
Kollet's  experiments  made  in  vacuo.  He 
found  that  glafs,  and  other  ele^rics,  might 
be  excited  in  vacuo,  but  not  fo  ftrongly  as  in 
the  open  air  *.  He  obfe'rred  that  there  was  a 
remarkable  difference  between  the  appearance 
of  the  ele^ic  light  in  vacuo,  and  in  the  open, 
air ;  being  much  more  diffufe,  and  unbroj^eu 
in  vacuo  f.  Inferting  the  extremity  of  his 
coodudlor  into  an  exhaufted  glafs  ve0el,  he 
obfenrcdthe  veflel  to  be  full  of  light,  when- 
ever he  brought  bis  hand  to  it ;  that  the  light 
was  conftderably  increafed  when  he  fpread  his 
hand  over  it;  and  that  when  a  fpark  was 
tpken  from  the  conduAor,  the  whole  veflel 
feemed  to  be  full  of  light.  He  alfo  obferv- 
ed,  that  imall  pieces  of  metal,  inclofed  in  the 
veflel,  adhered  clofe  to  the  glafs;  but  de- 
tach^ theniielveB  from  it,  on  the  approach 
of  the  fiiig?r>  or  of  any  coaduAor  oa  the 
oiitfide.        ,  , 

M.  MoNNiER  attempted,  in. an  ingenious 
method,  to  be  certain  whether  the  quantity 
of  ele^icity  communicated  to  a  body  was  in 
proportion  to  its  folid  or  fuperficial  contents.  . 
He  firft  found  that  an  anvil  which  weighed 
two  hundred  pounds,  gave  but  an  inconfider- 
able  fpdrk,  while  the  fpark  from  a  fpeaking- 
trwrnpet  of  tin,  which  weighed  but  ten 
pounds,  but  was  eight  or  nine  feet  long, 
was  almoft  equal  to  the  fliock  of  the  Leyden 
phial.     He  then  obferved,    that  %  ball  of 

>  RctbcKlwi,  p.  ij6.  t  Ibid.  p.  143. 
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it^d'k/aiinchei  in  diameter*  gftte  d  Ip^'of 
tii&ia^me  i6rte'-W\th  another  from  i  thin  piece 
&i  U^A  of  the  f^bie  fupetlicies,  iif  the  form  of 
A  hi3«p.  And,  lafttx,  he  took  a^  thin  and  ton^ 
|>iee^  of  lead,  and  obferred,  ^at  ^Jhtefi  it  Wiu 
etedrifkd.  in  its  whole  length,  it  gave  a  very 
ftrong  fpark,  -  but  a  veiy  fmall  one  when  it 
'^as  rolled  into  a  tump.  -  But,  beeanfe  a  fqi£ire 
]|^ioce  of  lead  did  not  give  a  fpark  equal  to 
one  from  a  piecle  of  the  fiune- quantity  of  fur- 
fece,'  but  of  greater  length,  he  concluded 
that,'  though  ele^rification  is  ftrongtr  in  j*o- 
portion  to  the  furfaees  of  eleftrified  bodies, 
yet  that,  of  equal  furfaees,  that  which  is 
drawn  out  to  the  greateft  length  ^11  have  the 
advantage  *. 

There  are  a  tew  other  namefr  of  ete^bricU' 
ans  in  Franc£,:  ^t^fe  ekperimefttS  tad  <^ 
iervations,  made  withiri  thia  period, "  defe^fe 
to  be  mentioned.  Of  thefe  is  Mr.  Boutanger.' 
He  took  great  pains  to  determine  the  degree 
in  which  different' fubftances  are  capable  of 
being  excited.  The  experiments,  be  lays, 
were  made  with  the  greateft  ear* ;  and  though 
the  ftatc  of  the  fcicnce  did  not' admit  of  this 
bufinefs  being  determined  with  greater  accu- 
racy, it  may  not-  be  di&greeable  to  fee  the  r(i- 
fult  of  them  ;'  wWch  he  has  comprifed  in  the 
following  table,  bigitming  with  thofe  that  are 
leaft  excitable  in  every-column. 


'  At.  Fit.  1746,  M.  p.  693. 
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Ebony.  -; 

GraacoiB. 

Box  wood. 

Sandal  wood. 

■Oak. 

Elmi 

■«&.;  ■  •  ,  ■■' 1  -■ 

Linden  tree.'   - 

ilife.  -         ■■  '  ■ 

WiBo*. 

Oziet. 

Cork.  " 

Dry  wood  of  all  kinds. 

'Slielitof  ali  kinds. 

Mnulebpne.;     '    ' 
"^nes. 
.Ivory. 
'Horn, 

Scilei.-'  ■  ' 


Third  Column. 
Alum. 
•  ^tigar  Candy. 


R  E  N  C  H        t^ 

Th?    Phoffhorus-of 

'Berne. 
Yellow  and  jvUfenit. 
Japan  varhilh.    i 
Sandarac.     ." ;  :; 

Maffich.     .:. 
Amber. 
Jet. 

Pitch.  ; 

Gum  copal.  < 

Gum  lac.      

Colophonia.  i 

Sulphur  J  ,.r,       ..     .^ 

Sealiug-wax. 

All  falts  which  have 

fufficient    confift- 

ence,' ,V 
All  reChs. 

Fourth  Coldmn,' 

Loadfton?. 

JIand-ftouCi 

Marble -of  all  CqIow*. 

Slate.  ' 

Freerftoae. 

Granite. 

Porphyry. 

Jafpcr. 

Varniflied  earth. 

Cornelians. 

Agates. 

All   opaque  ptecioui 

ilbnes. 
Porcelaine, 

Fifth 
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Fifth  Column.       Venke  and  Mufcdvy 
talc. 

Hyacinth.  Coloured  dias^ndSjCf- 

Opal.  pecially  yellow. 

Emerald,  White  diamonds,  ef^ 

Amethyft.  pecially   the    bril- 

Topaz.  liant. 

Ruby.  All  tranfparent  preci- 

Sapphire.  ous  ftonea.- 

Cat*s  eye.  Glafs,  and  all  vitrifi- 

Peridote,  cations  without  ex- 

Granite.  cepting    thofc ;  of 

Rockcryftal,  metals. 

The  Inference  which  this  itfuthor  Arshift 
from  this  catalogue  is,  that  the  moll  brittle, 
and  the  moft  tranfparent  fubfiances,  'ate  al- 
ways the  moft  ele^iric ;  and  he  ha».  re^QurCe 
to  an  awkward  hypothefis'  to  account,  for-the 
marcafites  not  being  excitable  at  all,  notwith- 
ftanding  they  are  both  brittle  and  tranfparent. 
He  fays  it  is  owing  to  condenfed  air  contained 
'in  thofe  fubfUnces.  which  is  known  to  pre- 
vent excitation  *. 

Thb  fame  author  fays,  that  mineral  waters 
are  much  more  fenfibly  affedled  with  ele^ri- 
city  than  common  water ;  that  black  ribbona. 
are  much  fooner  attrafied  than  thofe  of  other 
colours ;  and,  next  to  them,  the  brown,  and 
deep  red  f. 

•  BoulaDger,  p.  74.  I  Ibid.  p.  1x4. 
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.  Mr.  Le  Cat,  a  phyficiaa  at  Rouen,  who, 
has  diftinguKhed  hiinfelf  byfeveral  perform- 
ances in  the  learhe4  vrorld,  fufpended  feveiral 
pieces  of  leaf  gold^'^t  his  condii^r,  and  ob- 
ferved  that  they  hortg'at  different  diftances, 
according  to  thfefr  iizes,  the  fmaller  pieces 
placirig  themfclvea  nCaifer  the  tondu-ftor,  and 
the  Jarger  receding  farther  fn 
compares,  to  thediftances  at  vi 
make  their  revolutions  i-ound 
fflppofed  the  caafe"  to  he  tht 
The  fame  author  very  pafticula 
electric  fhock,  t^ich  hkd  jufl 
ed,  to  thunder*. ' 

'  affqtds  but  few  articles  for  the 
iry  of  this  period  ;  one  of  them, 
iirioua^  and  well  deferves  to  be 
>  pofterity.  Mr.  Gordon  of  Er- 
he  eleflricity  of  a  cat  JTo  ftrongly, 
if  was  communicated  by  iron 
d  fpirit  of  wine  f.  '  ■  , 
n  mentioned  before,  tliat  feveral 

re- 
lied 
ere 
In- 
ere 
ub- 
[in 
sat 


•  Hiflo-re,  p.  84—85*         t  NoIlet'iRechsrclw),  p.  93. 
}  Wiic'ic,  p.  lu. 
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Mr.  Jallabbrt,  profi^or  pf  pfaUojb^y 
at  Genera^  found  that  a  toaung  of  pitc^^  did 
not  prevent  the  cohduilbr 'from  being  electri- 
fied, which' proved  that  the  cleflric  fluid  en- 
ters th^lubftande  of  inetal^,  ^e  al(p  proTcd} 
that  ice  was  kcouA^Stor  of  elcftriyty,  by 
snaking  the  Leyden  es:peruaVaV  with  a  bottk 
in  which  water  was  frozen  *..,;.   . 

The  amaxingjiad  extepfive  c^Ss  of  elec- 
tricity now  began  to  make  philoiM^era  look 
for  it  where  it  had  not  heeji  Juipe^d  before. 
TTie  firft  account  that  ia  given  of  woollen  gar- 
ments being  obferved  to  exhibjt  figns  of  .'elec- 
tricity, when  they  were  jput  ..bff,  afiec  the 
flaflicsof  light  they  gave -wore  known  to  he 
owing  to  ele^icity,  was  ieiit  to  the  Roy^ 
Society  by  Mr.  Coke  of  th^Tfle  of  "Wight, 
who  fays,  that  a  lady  of  his.^Ci^iiaintanc^  ob<r 
ferved  it;  ^nd  that  it  was  alfo  at  lift  found* 
that  it  was  only  hew  flannel,  afid  after  fome 
time  wearing,  which  gave  that  appearance^ 
and  that  thia  property  was  loft  when  it  ^as 
wafhed  -f. 

The  fame  appea 
another  occafion, 
frofty  weather;  in 
notice,  that  there 
greater  purity  of  th 
ture,  but  that  all  b 
(for  hairs,  as  he  fa 

are  more  elafUc,.  and  confcquently  fufc^uble 
of,  and  more  capable  of  exciting  ftrong  vi- 

•  HiAoire,  p.  g;,  06. 

t  Phil.  Tnnf.  abndged,  Vol.  x.  p.  343. 
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brations.  He  lays,  that  the  flannel  Bdd^' 
1-endered  damp  with  fea  watery  and  ifter- 
wards  dry,  would  heighten  the  tleiflru:  ap' 
pearaiices  •- 

But  though  this  was  the  £r{t  appeai^nce> 
df  the  kind  that  was  obferved,  after-  it  wa;^! 
known  to  artfe  from  electricity,  fiinilat-  ap^i 
liearances  had  been  feveral  fitnieS  noted  'be-< 
fore.  Bfirthbiin,  who  floiirifhed  in  16501- 
Wrote  a  book  De  luce  anmalium^  in  whicH  !«• 
fuppofes,  that  uniHubus  effluvia  had  a  grcfU. 
ifaare  in  thofe  Appearances.  The  fame  writee- 
fays,  that  Theodore  Beza  might  be  feen  'by  a: 
light  proceeding  from  his  eye-brows ;  an* 
that  fparks  would  ilath  frohl  th^  body  cS 
Charles  Oonzaga^  Doke  of  Mantua,  upon  be^ 
ing-  gently  rabbed.  But  he  does  not  fa^ 
Whether  he  had  any  particular  hairy,  or  fca^ 
fiiperficies  to'  his  itkin  f. 

Dr.  SiMProN,  whopublifhed  ii  phiio(ophi4 
Cal  difcdurfe  on  fermentation,  dedicated  td 
theHoyid  Sseiety  in  16751  alfo  takes  noticQ 
tif  the  light  proceeding  from  animals'  oh  frico^ 
tioh,'  ot  pt£btion  as  he  caih  it;  and  inftancek 
itiflie  combing-of  a  woifaan's  head,  the  cur^ 
rying  of  a  l^orle,  and  the  Ilrokiiig  of  a  cat** 

Mr.  Claytom  alio,  in  Jl  letter  to  &4^ 
Boyle,  dated  juoe  23d,  16841  at  jamcs-;t6w« 
In  Virginia,'  giyes  hiib  aii  account  of  a  ilrang(( 
accident,  as.>he  calls  it»  which  b^pp£ned  to 
one  Mrs.  Sewall,  whofe  wearijig  apparel  emit^ 

*  Phil.  Tranf.  AMgtdt^VtAi  ».  f.  344.'       f  lbi<J<  p.  344. 
JlWd.p.  3J7. 
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ted  a  flaihtng  of  fparks*  which  were  feen  hf 
feveral  per&ns;  .  The  like  happened  to  Lady 
Balumore  her  motherrin-law  *. 

I  SHALL  conclude  this  fe<aion  with  what  I 
con  find*  in  this  period,  about  increafing 
the  power  of  ele^ricity*.  and  meafuring  it& 
effefta.  ' 

-Mr-  Monnier  the  younger,  whofe  name 
has  been  frequently  nientioned  m  the  courfe 
o£  this  hiftory*  ufed  glafs  ipheroids  infiead  of 
globes,  and  endeavoured  to  inepeafe  his  ele^bi- 
cal  power  by  ufing  feveral  of  thefe  ^heriods 
at  a  Ume ;  but  he  found,  upon  trial',  that  they 
did  not  anfwer  his  expedtations ;  and  was- 
thence  difpofed  to  conclude,  that  Oierc  might 
he  zne  plus  uitra  in  the  intenfity  of  electrici- 
ty, as  well  as  in  the  heat  communicated  to 
ifoiting  water  f. 

The  power  of  gla&  in  eledrifying  being 
found  to  be  fi>  great,  it  is  no  wonder  that  phi- 
lofophers  fhould  endeavour  x&  find  what  kind 
of  gkfa  was  c^nble  of  being  excited  to  the 
greateft  d^vee.  Among,  other  propofals  we 
£nd  a  very  memot^le  one  communicated  to 
the  Royal  Society,  April  6th,  ■- 1 749,  by  Mr, 
Bo2e.  He  fays,,  that  a  giaf«  ball  which  has 
often  been  employed  in  violent  difUllations> 
and  other  chemical  operations  fends  forth  elec- 
tricity incotaiparabty  more  ftrong,  than  any 
glafs  which  had  never  been  expofed  to  fo  vio- 
Jent  a  lire.  This  article  is  the  more  curious, 
as  it  fhews  us  how  much  philofo{^era  at  this- 

•  Phil.Tranf.»btidjed,  V»I.  Jt-p-iyS. 
t  Ibid.  p.  jjo.' 
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time  piqued  themrelves  upon  difcoveries  iri 
eledricity.  He  aflcrts  his  being  the  firft  per- 
ibn  who  ever  mentioned  this  notable  circuih- 
Aance*  as  he  calls  it^  and  defires  Dr.  Watfooj 
to  whom  he  eoinmiinicated  it,  to  let  him  have 
the  honour  of  that  Imprdvetoent  in  the  Philo- 
fophical  Tranfaftions  *. 

It  was  within  this  period  that  Dr.  Watfoa 
contrived  to  improve  the  ftrength  of  eleflrici- 
tj  by  moiftenirig  the  rubber  of  his  globe, 
though  he  warf  not  aware  .of  all  the  reafons 
for  it.  He  obferved  that  the  man  who  flood 
t)n  the  floor,  to  excite  the  globe  by  his  hand, 
did  it  mbre  ftroriglythan  a  culhion.  This,h^ 
lays,  he  conid  riot  conceive  to  be  owing  td 
any  other  difference,  than  to  his  hdnd  being 
more  moifl,'  and  confeqnently  ihore  readily 
tondu<3rag  the  eledriclty  from  the  floorj 
wherefore  he  ordered  bis  machine,  arid  even 
his  cufiiion,  to  be  made  damp;  and  then 
found  that  the  ele^ricity  Was  as  ftrong 
as  when  the  globe  wds  rubbed  by  the 
hind  t- 

A  GENTLEMAN  at  Chartrcs  in  France, 
gitatly  iriereafed  the  efFeits  of  clearicity  by 
mearls  of  flioifture,  for  afferting  which  he  is 
very  much  ridiculed  by  the  author  of  Hijioire 
de  PEUBriciti. 

Mr.  Wilson  fays,  that  if  the  cufliion 
(which  he  made  of  leather)  was  gilt  with  fil- 
ver,  brafs,  or  copper,  is  would  do  very  well  j 
and  that  the  filk  line  on  which  the  conduftor 


•  Phil.  TrMf.  tbridgeJ,  Vol.  x,  p.  say. 
f  Ibid.  p.  312. 
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Bung  ihould  be  red  or  yellow  •.    The  tabkv 
he  hySi  fhould  Hand  on  moift  gFound,  or 
'  a  wire  pafs  from  the  machine  to  the  moiA 
ground  +. 

Dr.  WATffoN  alfo  found,  that  though  no 
efcdricity  could  be  produced  by  rubbkig  the 
'  globe  with  origmal  elcQrics  perfedly  dry,  yet 
that  they  anfwercd  very  wcH  when  they  had 
been  made  moift ;  the  water  imbibed  by  thoie 
fubflances  Serving  as  a  canal  of  commimica- 
tion  to  the  ele^icity  between  the  hand,  or 
the  culhion,  and  the  globe ;  in  the  iame  man- 
ner as  the  air,  replete  with  vapours-  is  damp 
weather,  prevents  the  accumulation  of  the 
electric  matter  in  any  confiderahle  degree,  by 
condttding  it  as.  faA  as  it  it  excited  to  the 
ncarellnon-etei^ricfc  He  obferved, on tKe con- 
trary, that  moft  vegetable  fiibftance^  though 
made  &&  dry. as  poiTiblct  fumiihed  eledricity,. 
but  fmaH  in  quantities.  He  excited,  eledricity 
not  only  from  linens  cotton,  &c.  but  even 
from  ibeet  lead  and  a  deal  board  ^. 

The  Abbe  Nollet  fays,  that  he  found  oi* 
of  turpentine  upon  a  piece  of  woolten  doth 
excited  glafs  very  powerfu^r  but  that  tbe 
Icaft  water  mixed  with-  it  prevented  the  txr- 
citation  §, 

Mr.  Boulanger  fays,  that  if  two  cyKn- 
«ler6  be  made  of  the  lame  kind  of  glaisj  and 
.of  the  lame  faihion,  one  of  them  tranfpaKUt* 
and  the  other  tinge^with  any  colour,  the 
tranfpamit  cylinder  will  be  excited  moreeafily 

*  Wil&n't  Etby,  p.  ;,  6.  t  VAi.  p.  Ek 

t^lbid.  j&o,  -  i  RcoluicltM,  f.  168. 
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<ban  the  coloured  one  *>,  He  acknowledges, 
tiowever,  that  fometimes  the  moft  tranfpa- 
rcnt,  and  the  raoft  brittle  glafs  is  capable  of 
acquiring  but  Kttle  eTcdiricity  f.  In  another 
phu:e  he  fays,  that  a  cylinder  of  dirce  or  four 
lines  in  thicknefs  will  acquire  a  ftronger,  a/id 
a  more  lafting  eleflricity  than  a  cylinder  of 
one  line  thic'k  |*.  He  alfo  fays,  that  a 
perfon's  two  hands,  or  one  cu&ion,  is  better 
than  more  §. 

About  the  fame  time  that  Dr.  Watfba 
made  his  firft  experiments  upon  the  Zieyden 
'  phiaU  Mr.  Canton  difcovered  a  method  by 
which  the  quantity  of  eledxicity  accumulated 
4n  the  phial  might  be  meafured  to  a  good  de- 
gree of  exa^nefs.  He  took  the  charged 
phial  in  his  hand,  and  made  at  give  a  ^ark 
to  an  infulated  condudtor,  wbich  fpark  he  took 
tiff  with  his  other  hand.  This  (^ration  be 
repeated  till  the  whole  was  difcharged,  and 
he  efiimated  the  height  of  the  charge  by  the 
number  of  the  fparln.  This  is  a  pretty  cer- 
taia  and  exad  method  of  knowing  how  high 
a  phial  has  hen  charged  ;  but  what  eledrici- 
ans  chiefly  want  is  a  method  of  afcertaitung 
how  hjgha  phial  ir  charged,  or  the  exad  force 
of  the  charge  whiie  it  is  coataioed  in  the 
glafs. 

Something  of  this  kind  was  dose  by  Mr, 
.Ellicott,  in  the  fame  yea*  1746-  He  pro- 
poled  to  eftimate  the  fhrength  of  commoa 

*BouIu£0(]i.  6^-  t  Ibid.  p.  164. 

X  Ibd.  p.  ijj.  S  1^'  P-  'A 
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•  cle£lri6cationi  by  its  power  to  raife  a  weight 
^n  one  fcale  of  a  balance,  while  the  other 
jfhould  be  held  over  the  e}e£lrified  body, 
and  puU^  to  it  by  its  attra£live  powe^  *.  Mf, 
Gralath  ajfo  con&ruded  an  eledfomet^  upon 
the  fame  principle  f. 

The  Ai}b6  Nollet  applied  the  threads  that 
Mr.  Grey  and  Du  Fay  had  uied  in  cle&ricat 
experiments*  to  Ihew  the  degree  of  ele£lrici- 
ty.  He  hung  two  of  them  together,  and  obr 
ferved  .the  angle  of  their  divergence,  by  means 
of  the  rays  of  the  fun,  or  the  light  of  a  caq- 
<dle,  and  their  Ihadow  upon  a  board  placed 
t>ehind  them.  Mr.  Waitz  alfo  thought  of  the 
Jame  ki^d  of  electrometer,  with  this  improve- 
pent,  that  he  loaded  the  ends  of  the  thrqidfi 
with  fmall  weights  X. 

*  BouliBger,  p.  324, 

-f  Dantzicfe  Meounn,  Vol.  i.  p.  jij. 

i  Hifloii^  p.  58. 
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SECTION     IV, 

^PERIMENTS  OH  ANIMAL,  AND  OTHER 
ORGANIZED  BODIES  IN  THIS  PERIOD  ;  AND 
OTHER  EXPERIMENTS  CONNECTED  WITH 
THEM,     MADE    CHIBFLV    MY    TDE    AbBE 

NOLLET, 

HITHERTO  the  effeft  of  elearicity  up- 
on human  bodies  had  not  been  attend- 
ed to,  farther  than  the  mere  £hock  of  the  . 
I^eyden  phial.  But  we  Ihall  now  fee  a  curi- 
ous fet  of  experiments  on  this  fubjed  exhibit- 
ed by  the  Abbd  Nollet.  The  EngliOi  philo- 
fbphers,  who  led  the  way  In  almoft  every 
other  application  of  e1e£^idty»  were  among 
the  laft  to  try  its  e^eds  upon  animals,  and 
other  organized  bodies.  The  only  article 
that  I  can  find  upon  this  fubjetfl',  before  the 
dtfcoreries  of  the  Abb^  Nollet,  is  one  of  Mr. 
Trembley's;  who  fays  that  feveral  perfon* 
had  obferved,  that  while  they  were  ele£tri6e<J, 
their  pulfe  beat  a  little  f^fter  than  before.  He 
{ays,  that  }ie  himfelf,  after  having  been  elec- 
trified a  long  time  together,  had  felt  an  odd 
Cenfation  all  over  his  body,  and  that  fome  per- 
fons  had  ff^t  very  Jharp  pains  after  beiog 
clcOrified* 

*  PkiL  TranC  abridged,  VaI.  z.  p.  jti* 
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The  ingenious  Abb^  Nollet  begins  hisex-B 
pcrimenU  witji  the  evaporation  of  fluids  by 
ele^ricity.  They  were  made  with  the  grcatefl: 
attention,  and  the  following  obfervatiops  were 
fhe  refultof  them. 

"  I.  Electricity  augments  the  natural 
•'  evaporation  of  fluids;  fince,  excepting  mcr- 
"  cury,  which  in  too  hecivy,  and  the  oil  of 
f^  olives*  which  is  too  vi&ous,  all  the  others 
^'  which  were  tried  fuffered  a>  diminutioq 
f*  which  could  not  be  afcribed  to  any  other 
*'  caufe  thap  ejeilricity. 

"  2.  ELtCTRiciTY  augmcuts  the  evapo« 
f*  ratios  of  thoie  fluids  the  moft,  which  are 
f '  mofi  fubje^  to  evaporate  of  themfelves.  Fqf 
**  the  volatile  fpiritof  fal  ammonia^  fuffer^^ 
**  greater  lofs  than  fpirit  of  wine,  ox  tu^pen,- 
^*  tine  ;  thefe  two  more  than  commop  water  i 
**  aqd  water  moje  tharj  vinegar,  or  the  folu- 
,t*  tion  of  nitre. 

.  "3-  IElf.ctricity  has  a  greater  efl^eA 
^'^ijpon  ^uids  when  the  veffels  which  contain 
**  thera  arc  non-elc^rice ;  the  effefi^  always 
'"  feeming  to  be  a  Utile ,  greater  when  the 
♦•  veffels  were  of  metal,  than  when  they  were 
**  of  g|afji. 

"4.  This  increafed  evaporation  was  more 
*'  cpnflderablc  when  the  ye&e\  which  contain- 
*'  fd  the  liquor  was  more  open,  but  the  ef- 
*'  fei^s  did  not  increafe  in  proportion  to  their 
**  apertures.  For  when  thefe  liquors  were 
*^  eleGrified  in  veffels,  whofe  aperture  wasi 
♦*  four  inches  in  diameter,  though  they  pre- 
('  fentcd  tp  the  air  a  furface  fixteen  time^ 
-  .  "  larger 
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!*  lit,rger  than  when  they  vrerc  contained  in 
M  Yi^els  whpfe  aperture  was  one  inch  in  diat> 
**  m^ter,  ihey  were,  nevcrthelefs,  far  from 
*'  fijfFering  a  diminution  proportioned  to-that 
>*  difference. 

"  5.  Electrification  does  not  make 
f*  any  liquors  evaporate  through  the  pores!, 
*^  either  of  metal,  or  of  glais  ;  lince  after  ex- 
f^  periments  which  wefe  continued  ten  hours, 
**  there  was  found  no  diminution  of  their 
**  weight,  when  the  veffeU  in  which  they  were 
>*  contained  were  well  flopped  *." 

Aptbr  having  made  experiment*  on  fluids, 
the  Abb^  began  another  courfe  on  folids  of  va- 
rious kinds,  thtt  refult  of  which  was,  that,  they 
Joft  weight  only  in  proportion  to  the  moif- 
ture  they  contaii^ed,  and  the  opennefs  of  their 
-pores  t- 

The  Abb^  alio  extended  bis  experiments 
to  other  fenfible  qualties  of  boiiies*  as  their 
fmell,  their  tafte,  and  chemical  properties ; 
but  found  no  change  in  any  of  them,  after  a 
ftrong  and  continued  cledrification  of  a  varie- 
ty of  fubftances.  Electrification  did  not  af- 
fect the  power  of  the  magnet,  and  neither 
retarded  nor  accelerated  the  heating  or  cool- 
.  ing  of  bodies  ^. 

He  then  proceeded  to  the  eletflrification  <^ 
capiliary  tubes,  full  of  water ;  it  having  been 
obferved  by  Mr.  Boze,  who  communicated 
the  obfervation  to  Mr.  NolletH,  that  the  wa- 
ter would  ilTue  in  aconAant  flream  when  they 

•  Nollft')  Rechf rebel,  p- 3*7-  t  Ibid.  p.  335. 

'4  Ibid.  p.  34t.  ^  Ibid.  p.  343. 
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were  eledrified ;  whereas  it  would  only  drop 
very  flowly  without  that  operation.  Every 
perfon,  at  firft  fight,  wouW  judge  that  the 
ftream  was  accelerated*  and  that  the  elecr 
trificd  veflel  would  foon  be  empty  :  but  this 
accurate  phiiofopher  was  unwilling  to  rely  on 
iirft  appearances,  and  therefore  refolved  to  af- 
certaio  the  faet,  by  mcaftiring  the  time,  and 
the  quantity  of  liquor  running  cut.  And,  ia 
order  to  know  if  the  acceleration,  fuppofing 
there  were  any,  was  uniform,-  duripg  the 
whale  time  of  the  running  out,  he  made  ufe 
of.  veflejs  of  different  capacities,  terminating 
in  pipes  of  diffcFcnt  bores,  from  three  lines 
in  diameter,  to  the  fmalleft  capillaries- 

As  the  Abb^  did  not  6nd  it  fo  eafy  a  mat- 
ter to  draw  a  fafe  conclufiop  in  this  cafe  as 
might  at  firft  be  imagined, he  gives  us  in  grofs 
the  following  refult  of  above  an  hundred  ex- 
periments *, 

**  I.  The  eleSrified  ftream,  though  it 
**  divides,  and  carries  the  liquid  farther,  is 
"  neither  fenfibly  accelerated  nor  retarded, 
**  when  the  pipe  through  which  it  iffues  is 
**  not  lefs  than  a  line  in  diameter- 

**  2.  Under  this  diameter,  if  the  tube  is 
"  wide  enough  to  let  the  liquid  run  in  a  con- 
"  tinned  ftream,  electricity  accelerates  it  $ 
*•  little ;  but  lefs  than  a  perfon  would  ima- 
"  gine,  if  he  judged  by  die  number  of  jets 
*'  which  are  formed,  and  by  the  diftance  tQ 
**  which  they  go. 

•  RecherchM.p  327.  f Ml.  Tx?nf.  abridged,  VoJ.  x.  f.  ^Si. 
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**  3.  If  the  tube  be  a  capillary  one,  froni 
'*  which  the  water  only  drops  naturally,  the 
f*  eleftrified  jet  not  only  becomes  a  conttnu- 
f*  ed  ftream,  and  even  divided  into  feveral 
>*  ftreams,  but  is  alfo  confiderably  accelerat- 
*^  ed;  and  the  fmaller  the  capillary  tube 
'*  is,  the  greater,  in  proportion,  is  this  ac- 
**  celaatioo. 

«  4.  So  great,  is  the  eSe€t  of  the  cledric 
**  virtue,  that  it  drives  the  water  in  a  con- 
f*  ftant  ftream  out  of  a  very  fmall  capillary 
f  tube,  out  of  which  it  had  not  before  been 
*'  able  CTCB  to  drop." 

The  moll  unaccountable  of  thefe  experi- 
ments, as  the  ingenious  Abb^  acknowledges, 
are  thofe  which  fuppofe  a  retardation  of  the 
cle^ified  current,  and  he  long  doubted  the 
hiEti  but  a  great  number  of  experimental 
icarefiilly  noted  in  his  journal,  obliged  him  to 
admit  it,  though  ftill  with  heiitation,  and  to 
^wcount  for  it  in  the  beft  manner  he  could  ■, 
yrhichf  indeed,  is  not  very  fatisfadory  *. 

The  beautiful  appearance  of  thefe  ftreams 
of  ele&ified  water,  when  the  experiment 
was  exhibited  in  the  dark,  is  particularly  de- 
fcribed  by  this  author,  after  MelTrs.  Boze  and 
Gordon,  who  firft  obfcrved  it  f* 

These  laft  experiments  fervcd  as  a  bafis  to 
the  Abb(i'9  future  inquiries.  He  confidercd 
all  organized  bodies  as  aflemblages  of  capil- 
lary tube?,  filled  with  a  fluid  that  tends  to  run 
through  them,  and  often  to  iflueout  of  them. 

?  Reclicrchci,  p.  351.  f  Jbid,  p.  354. 
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in  confequenee  of  this  idea,  he  imagined, 
chat  the  eledrtc  virtue  might  poJfibly  com- 
municate fome  motion  to  die  Tap  of  veget- 
ables, and  alfo  augment  the  infcnfible  per- 
spiration of  animaU.  He  began  with  the  fol- 
lowing experiments,  the  refult  of  which  con- 
fifmed  his  fuppofition  *. 

He  eleftrified  for  four  or  five  hours  to- 
gether, fruits,  green  plants,  and  fpunges, 
dipped  in  water  which  he  had  carefully 
vtreighed  ;  and  found  that,  after  the  experi- 
ment, all  thofe  bodies  were  remarkably  lighter 
than  others  of  the  fame  kind,  weighed  with 
ihem,  both  before  and  after  the  cxperimentt 
and  kept  in  the  fame  place  and  temper  t" 

The  ele^rificaXion  c^  growing  vegetables 
was  firft  begun  in  Britain.  Mr.  Maimbray 
at  Edinburgh  eledri6ed  two  myrde  trees, dur- 
ing the  whole  month  of  Oiflober  1746;  whea 
they  put  forth  fmall  branches  and  blofibm* 
fooner  than  other  fhrubs  of  the  fame  kind, 
which  had  not  been  ele£trilied.  Mr.  NoUet, 
liearing  of  this  experiment,  was  encouraged  ' 
to  try  it  himfelf  % 

He  took  two  garden  pots,  filled  with  the 
fame  earth,  and  fowed  with  the  fame  feeds. 
He  kept  them  conftantly  in  the  fame  place, 
■and  took  the  fame  care  of  them;  except  tliat 
one  of  the  two  was  eledrified  fifteen  days  to- 
gether, for  two  or  three,  and  fometimes  four 
hours  a  day.     The  confequence  was,  that  the 

•  Rpch'rehei,  p.  35J- 

+  Phil  Tr.tf.  abridged,  Vol.  x.  p.  3S3. 

dcari- 


THE   Abbe    NOLLET;       17J 

eleftrified  pot  always  flieiired  the  fprouts  o€ 
it»  feeds  two  or  threee  days  fooner  than  the 
other.  It  alfo  threw  out,  a  greater  nunibet  oi 
fhoots,  and  thofe  longer  in  a'  given  timev 
which  made  him  believe,  that  the  eledric  vir- 
tue  helped  to  open  and  difplay  the  germs^  and 
thereby  to  facilitate  the  growth- of  plants. 
This,  however,  our  cautious  philofopher  only 
calls  a  conjedurct  which  required  farther 
confirmation.  The  feafiM,  he  fays,  waatheot 
too  £ir  advanced  to.r  Mlow  him  to  make  as 
many  eX'Periment»  as  be  could  havew^ed« 
but  be  lays  the  next  courfe  of  experiments 
had  greater  certainty,  and  they  are  not  Icfi 
intereftirtg  *.      . 

The  i<une  experiments  were  carrying  on 
about  ^&  fame  time  by  Mr.  Jatlabeit,  Mr.. 
Boa^Cviand  the  Abbe  Men<m,  principal  of  the  ■- 
college  of  Bueii  at  Angers,  who  alt  drew  the 
fame  conchiHons  from  them  f . 

The  Abbe  cbofe  fevcrat  pairs  of  animaU  . 
^)f  .different  kinds,  cats,  p^eonj,  chaffinches^ 
ff^rrows,  Sfc.  AR  thde  he-  put  into  feparatfr 
wooden  cages,  and  weighed  them.  One  of 
«ach.pair  he  ele^rified  for  fire  or  ftx  hours 
together,  and  then  weighed  them  again.  The 
refult/.Tiras,  that  the  eledtritied  cat  was  com^ 
monly  fixty-five  opfeventy  grain?  lighter  than 
the  other,  the  pigeon  from  thirty-five  to 
thltty-eight  grains,  the  chaffinch  of  fparrow 
fix  or  feven  grains.  In  order  to  have  no- 
thing to  charge    upon   the  difference  tha^ 

"  RecherchtJ,  p.  358,  4c..   Phil.  Tr»nf.  ab(iJged,  Vol.  x. 
f-  3.»>  +  Rechercbe*,  p.  jj?. 
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'  might  arife  from  the  temperament  of  the  iri- 
dividuals  he  happened  to  pitch  upon,  he  re- 
peated the  fame  experiments,  by  ele&rifying 
that  animal  of  each  p^ir  which  had  not 
been  eledrified  before  j  and,  niotWithftandiiig' 
Ibme  fnSall  varieties  the  ekdlrified  animal  vfas 
conftantly  lighter  than  the  other  ia  propor- 
tion *. 

After  thefe  experimeiTts,  he  had  no' 
doubt  but  that  eledricity  irtcreafed  the  infen- 
fible  periph^tion  of  anim:ds,  but  it  was  not 
certain  whether  thi»  increafe  wa«  tfl  the  ratio 
of  thar  bulks,  or  in  thiit  ftf  tTich'  furfaces; 
The  Abb«'s  opinion  was,  that  it  was  neither 
in  the  one,  nor  the  other,  ftri^Hy  fpeaking, 
but  in  a  ratio  much  more  nearly  approaching 
the  latter  than  the  former ;  fo  that  he  ima- 
gined, there  was  no  room  to  apprehend,  that 
a  human  perfbn  cleArified  woutd  lofe  near  s 
fiftieth  part  of  his  weight,  as  it  appeared  to  him 
to  have  haj^ncd  to  one  fort  of  bird ;  nor 
1 40th  part,  a$  to  the  pigeon,  &c.  All  thai 
he  had  then  obferved  upon  that  head  was,  that 
a  young  man  or  woman,  between  the  ages  of 
twenty  and  thirty,  from  being  eledrified  five 
hours  together,  had  loft  feveral  ounces  of 
their  weight,  more  than  they  were  wont  to 
lofe  when  they  were  not  eie&rified  f . 

The  Abbe  obferves,  that  no  inconvenience 
whatever  was  felt  by  the  perfons  who  fub- 
mitted  to  be  eledjified  in  this  manner.    They 

•  RecfaeKhc!,  p.  366,   fte. 
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6ri\j  found  themlelves  a  little  c:^hauAe(l,  and 
had  got  a  better  appetite.  He  adds,  that  none 
of  them  found  themfelves  fenfibly  warmery 
and  that  he  could  not  perceive  that  their  pulfe 
iras  encreafed  •. 

These  laft  experiments  dn  human  bodies*' 
he  juftly  obferves,  are  difficult  to  purfue  with 
exadlnefs,  becaufe  the  cloathing,  which  can- 
not ftriftly  be  compared  to  the  hairs 'or" 
V  feathers  of  animals,  retains  a  confiderable 
fhare  of  the  perfpired  matter,  and  pi-events' 
our  forming  a  good  judgment  of  the  whole; 
cffeft  of  the  ele£tric  virtue. 

The  foregoing  experiments,  he  fays,  con- 
vinced him  of  the  reality  of  the  effiuent  mat- 
ter, carrying  away  vritii  it  the  perfpirable 
parts  of  bodies,  and  what  could  be  evap6rated! 
from  their  furfaces.  And  he  was  convinced 
of  the  affluent  ra^xXRXy  by  obfervrng  all  thofe 
efFcdls  produced,  if,  inftcad  of  eleftrifyfng 
bodies  themfelves,  they  were  only  brought 
near  a  large  body  which  was  eleftrified.  He 
moiftened  a  thick  fpunge  in  water,  and  cut  it 
into  two  peccs,  and  then  weighed  the  parti 
feparately,  and  placing  the  whole  near  a  large 
etiedrified  body ;  he  found  that,  after  an  elec- 
trification of  five  or  fix  hours,  that  part  of 
the  fpunge  which  was  nearer  to  the  cleflrified 
body  had  loft  more  weight  than  the  other. 
From  this  fadl  he  concluded,  that  if  any  part 
of  an  animal  body  was  prefented  to  a  large 
eleftrified  fubftance,  it  would  perfpire  more 

•  Rnkerchcs,  p.  589. 
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than  the  other,  and  that  perhaps  obftrU(> 
tions  might  by  this  means  be  removed  front 
the  poreaof  it  *. 

The  experiments  above  recited  of  Mjr«. 
Nollet  by  no  means  fatisfied  the  Englilh  phi<< 
lofbphers,  and  particularly  Mr.  Ellicott,  who 
made  experiments  to  refute  the  theory  which 
the  author  had  deduced  from  them.  He  obferv-. 
ed  that  the  fyphon,  though  elei^rified,  would 
only  deliver  the  water  by  drops,  if  the  bafod 
in  which  the  water  was  contained  was  elec-> 
trified  toa  But  this  does  not  invalidate  Mi'4 
Nollet's  curious  experiments  upon  the  fubjed 
of.  evaporation  and  perfpiration.  For  when 
an  animal  body  is  ele^i6ed,  there  is  always 
non-eledric  matter  enough  in  the  atmofpberef 
to  anfwer  the  purpofc  of  the  uneledrified  ba- 
(on,  in'  the  experiment  of  the  capillary  tube  t 
thereby  to  caufe  a  continual  exhalation  of  the 
perfpirable  matter  from  the  pores  of  the  Ikin. 
Befides,  the  capillary  tube  will,  infa£(,  unittf 
the  water  in  a  conftant  ilream,  wheA  it  hat 
only  the  open  air  to  throw  it  into.  In  all  de-^ 
bates  upon  fubjet^s  in  natural  philolbphyf 
fads  ought  only  to  be  oppofed  to  fads.  The 
veracity  of  the  Abb^  Nollet  is  not  to  be  called 
in  queAion ;  though  it  muft  be  acknowledged* 
that,  in  his  later  writings,  at  a  time  when  hi9 
favourite  fyftem  was  in  danger,  .he  make* 
millakes  with  refped  to  the  ^da  that  new 
ly  affea  it. 

*  Phn.  Trur.  ahtUgt^i  Vo\.  X.  f  jS^ 
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■  To  account  for  the  appearance  of  light. 
Which  feems,  in  feme  cafes,  to  ifftie  from  ^ 
hon-elcSric  body  prefented  to  an  excited  elec- 
tric, and  which  Mr.  No)let  thought  to  be  the 
affluent  matter,  Mr.  Ellicott  fuppofe^  that  it 
was  the  light  which  had  come  from  the  elec-a 
trie.  In  accounting  for  the  fiifpenfion  of  leaf 
gbld  between  an  elefi:rified  atid  an-ninele£tri- 
ficd  plate;,  Mr.  Ellicoit's  theory  made  it  ne- 
ceffary  to  fuppofe  (what  Dr.  Franklin  after- 
wards fdilnd  not  to  be  fad]  that  the  leaf  gold 
will  ftlways  be  fufpended  nearer  the  iinelec- 
tfified  than  the  gl&drified  plate. 

Itj  his  aofwer  to  Mr.  Nollet,  Mr.  Ellicott 
alfo  endeavours  to  iccount  for  the  cleflric 
matter  iffuing  from  a  point  at  the  extremity 
of  the  cotidudor,  more  fenfibly  than  if  it  had  ^ 
ttrmiiiated  round  or  flat.  He  fays  that  the 
effluvia,  in  ruihing  from  the  globe  along  the 
condu£lor,  as  they  approached  the  point, 
were  brought  neater  together,  and  therefore 
Were  denfer  there  than  ih  ahy  part  of  the 
rod.  Confequently,  he  faysj  if  the  light  be 
<Jwing  to  the  denfity  and  velocity  of  the  efflu- 
via, it  will  be  vifible  at  the  point,  and  no 
where  elfe.  This,  as  far  as  I  can  find,  was 
the  firft  attempt  to  account  for  this  phenome- 
non ;  but  it  by  no  means  accounts  for  the 
Whole  virtue  of  the  condudor  being  diflipat- 
•  ed  from  fuch  poiAts.  Indeed,  it  is  no  wonder 
that  the  influence  of  points  which  are  but  im- 
perfedlyunderftoodeven  atthisday,furni(hed 
too  difficult  a  problem  fo  many  years  ago*. 
*  f  bil.  Tranf.  abridgedt  Vol.  x.  p.  393. 
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It  will,  now,  be  univerfaUy  acknowredg-' 
C(3,  that  there  was  very  great  merit  in  thefc 
experiments  of  the  Abbe  NoUet,  made  upon 
animal  and  other  organized  bodies-  He  open- 
ed a  new  and  noble  field  of  eledrical  difco- 
Tcrics,  and  he  purfued  them  with  great  at- 
tention, perfeverance,  and  cxpence.  This  laft 
circumftang:,  I  fuppofe,  may  have  been  the 
reafon  why  his  experiments  have  not,  as  far  as- 
]  can  find,  been  refumed  and  purfued  by  any 
ele£lrician  fince  his  time,  though  there  feems- 
to  be  great  loom  to  improve  upon  what  he 
began.  The  only  method  in  which  they  can 
be  condufted  to  any  purpofe,  would  be  by  the 
the  .help  of  a  machine  for  perpetual  eleftrifi- 
cation,  to  go  by  wind  or  water ;  which  would^ 
likewife,  lerve  for  many  other  capital  cxperi- 
snents  in  electricity.  This  application  of 
cledlricity,  in  particular,  may  perhaps  be  of 
more  ufe  in  medicine,  than  any  other  mode  in 
which  it  has  hitherto  been  adminiilered. 

Mk.  Jallabert  of  Geneva  carried  the 
experiments  on  plants  farther  than  the  Abbe 
NoUet  had  done ;  and,  by  eledrifying  bottles 
in  which  the  plants  were  growing  in  water^ 
and  placing  in  the  fame  expofurc  other  bot- 
,  tics,  containing  plants  of  the  fame  kind ;  he 
proved,  in  the  cleareft  manner,  that  the  elec- 
trified plants  always  grew  failer,  and  bad  finet 
items,  leaves,  and  flowers  than  thofe  which 
were  not  eleclrified,  and  confumed  more  of 
their  water  *. 

*  Bcocaria  dtir  eleitTkitino  naturaU  et  Briifictale,  p.  125. 
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SECTION      V. 

The  history  oP  tIie  medicated  tubes* 
and  other  communications  of  medl* 
cinaltirtues  b y  electricity»  with 

THEIR  VARIOUS  REFUTATiONSl 

IN  the  cdurfc  of  tills  hiftory  wc  hive  feeil 
frequent  Inftances  of  felf-deception,  for 
^rit  of  perlbns  attendirig  to  all  the  effential 
circiinlftances  of  fafts ;  biit  nothing  we  have 
yet  feen  equals  what  was  exhibited  in  the 
5^ears  1747  and  1748.  Mr.  Grey's  decm- 
tions  were  chiefly  owing  to  his  miftaking  the 
caufe  of  real  appearances ;  but  in  this  cafe 
■We  can  hatdly  help  thinking,  that,  not  only 
the  imagination  and  judgment,  but  even  all 
the  external  fenfes  of  phuofophers  muft  have 
been  impofed  upon.  It  was  afferted  by  Sig- 
nior  Pivati  at  Venice  (who  has  all  the  merit 
of  thefe  extraordinary  difcoveries),  and,  after 
him,  by  Mr.  Verati  at  Bologna,  Mr.  Bianchi 
M  Turin,  and  Mr.  Winckler  at  Leipfick,  that 
if  odorous  fubftances  were  confined  in  glafa 
veffels,  and  the  veflels  excited,  the  odours 
and  other  medicinal  virtues  would  tranfpire 
through  the  glafs,  infed  the  atmofphere  of 
the  conductor,  and  communicate  the  virtue 
to  all  perfons  in  conta<%  with  it;  alfo  that 
thofe  fubftances,  hdd  in  the  hands  of  perfons 
ele<Srified,  would  communicate  their  virtues 
to  them  i  ib  that  medicines  might  be  made  to 
N  2  operate 
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operate  without  being  taken  into  the  ftomach* 
They  even  pretended  to  have  wrought  many 
cures  by  the  help  of  elei9ricity  applied  this 
way.  Some  of  the  more  curious  of  thefe  pre- 
tended experiments  deferve  to  be  recorded, 
for  the  entertainment  and  inftrudlion  of  pofte- 
rity. 

The  forementio'ned  Signior Johannes  Fran- 
cifco  Pivati,  a  perfon  of  eminence  at  Venice, 
fays,  in  an  Italian  epiftle,  printed  at  Venice 
with  all  the  ufual  licences,  in  the  year  1747, 
that  a  inanifeft  example  of  the  virtue  of  elec- 
tricity was  fliown  in  the  balfam  of  Peru, 
which  was  fo  concealed  in  a  glafs  cylinder, 
that,  before  the  excitation  of  it,  not  the  leaft 
fmell  could  by  any  means  be  difcovered.  A 
man  who,  having  a  pain  in  his  fide,  hadap- 
plied  hyffop  to  it,  by  the  advice  of  a  phyiici- 
an,  approached  the  cylinder  thus  prepared, 
and  was  elcdrified  by  it.  The  confequence 
was,  that  when  he  went  home,  and  fell  afleep, 
he  fweated,  and  the  power  of  the  balfam  was 
fo  difperfed,  that  even  his  cloaths,  the  bed, 
and  chamber,  all  fmelled  of  it.  When,  he  had 
rcfrefhed  himfelf  by  hisfleep,  he  combed  his 
head,  and  found  the  balfam  to  have  pene- 
trated his  hair ;  fo  that  the  very  comb  was 
perfumed  •. 

Tlie  next  day,  Signior  Pivati  fays,  he  elec- 
trified a  man  in  health  in  the  fame  manner, 
who  knew  nothing  of  what  had  been  done  be- 
fore.    On  his  going  into  company  half  an 

•  Fbil.  Tnnr.  abridged.  Vol.  x,  p.  40Q. 
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tour  afterwards,  he  found  a  gradual  warmth 
diffufing'itfelf  through  his  whole  body,  and 
he  grew  more  lively  and  chearful  than  ufual. 
His  companion  was  furprifed  at  an  odour,  and 
could  not  imagine  whence  it  proceeded,  but 
be  himfelf  perceived  that  the  fume  arofe  from 
his  own  body,  at  which  he  alfo  was  much 
■furprifed,  not  having  the  leaft  fufpicion  that 
it  was  owing  to  the  operation  which  had  been 
performed  upon  him  by  Signior  Pivati  *. 

Mr.  WiNCHLER  of  Leipfick,  being  ftrucfc 
with  fo  extraordinary  a  relation,  fays,-  that  he 
'  was  defirous  of  trying  the  power  of  ele^rici- 
ty  on  certain  fubftances  in  the  fame  manner, 
and  that  he  found  the  event  to  confirm  what 
had  been  related -f-. 

He  put  fomc  pounded  fulphur  into  a  glafs 
fphere,  fo  well  covered  and  flopped,  that,  on 
.turning  it  over  the  fire,  there  was  not  the 
ieaft  fmeil  of  fulphur  perceived.  When  the 
fphere  was  -cold  he  ele£lrified  it;  and,  im- 
mediately, a  fulphureous  vapour  iflued  from 
it,  and,  on  continuing  the  eledlricity,  tilled 
the  air,  fo  a«  to  be  fmelled  at  the  diiiance  of 
more  than  ten  feet.  He  called  in  a  friend 
well  verfed  in  eleiftricity,  profeiTor  Haubold, 
and  feveral  others,  as  witnelTes  and  judges 
of  this  fait;  but  they  were  prcfently  driven 
away  by  the  ftench  of  the  fulphur.  He  ftaid 
a  little  longer  himfelf  in  this  fulphureous  at- 
mofphere,  and  was  fo  impregnated  thereby, 
that  his  body,  cloaths,  and  breath  retained 

•  Phi^  Tianf.  abridged,  Vol.  x.  p,  401.  f  Ibid; 
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the  odour  even  the  next  day.  On  repeating 
tl^is  experiment  in  the  prefencc  of  a  perfot| 
who  was  converfant  with  the  effeSs  of  ful- 
phur,  the  figns  of  an  inflamed  blood  were  vi- 
iible  in  his  mouth  on  the  third  day  *. " 

After  this  he  tried  the  efFeS  of  a  ^nore 
agreeable  fmell,  and  filled  the  fphere  with 
finnamon.  When  he  h^d  healed  this  as  be- 
fore, the  fmell  of  cinnamon  was  foon  perceiv- 
ed by  the  company,  and  the  whole  room  was 
in  a  fliort  ime  fo  perfumed  by  it,  that  it  im- 
mediately aff"eSed  the  nofes  of  jiU  who  came 
in,  and  the  odour  remained  the  next  day. 

He  tried  the  baifamof  iPeru  with  the  like 
fuccefs,  when  his  above  mentioned  friend 
(whofe  teftlmony,  he  fays,  he  did  not  care  t<^ 
be  without)  after  he  had  received  the  power 
of  the  balfam,  fmelled  fo  ftrong  of  it,,  that 
going  abroad  to  fupper,  he  was  often  ft{ked 
by  the  company  what  prefume  he  had  about 
him.  The  next  day,  when  Mr.  Winckler 
was  drinking  tea,  he  fays,  he  found  an  un^ 
ufual  fwcet  tafte,  owing  to  the  fumes  of  the 
j)alfam  that  ftill  remained  in  his  mouth  f. 

In  a  few  days,  when  the  fphere  had  loft  al| 
the  fcent  of  the  balfam,  they  let  a  chain  ou( 
pf  the  chamber  window,  and  extended  it 
through  the  open  air,  into  another  room  de- 
tached from  the  former.  Here  they  fufpend^ 
ed  the  chain  on  filken  lines,  and  gave  it  into 
the  hand  of  a  man,  who  alfo  ftood  on  extend- 
ed filken  linesi  and  knew-  nothing  of  their 

Y'  FbU.  Tnur.  abridged,  Vot,  x,  p.  401.         t  ^^• 
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purpofe.  When  the  cleiflricity  had  been  ex- 
cited for  fome  time, "the  nian  was  aflccd 
■whether  he  fmeUed  any  thing ;  and,  on  fnuf- 
fing  up  his  nofe,  he  faid  he  did.  Being  aflc- 
ed  again  what  fmell  it  was,  he  faid  he  did 
not  know.  When  the  elei^rification  had  been 
.continued  for  about  a  <juarter  of  an  hour,  the 
foom  fmelled  fo  ftrong  of  it,  that  the  man, 
who  knew  nothing  of  the  balfam,  fajd  his 
nofe  was  filled  with  a  fweet  fmell,  like  that 
of  fome  fort  of  balfam.  After  flceplng  in  a 
houfe,  a  confiderable  diftance  from  the  room 
where  the  experiment  was  tried,  he  rofe  very 
chearfully  in  the  morning,  and  found  a  more 
pka{ant  tafte  than  ordinary  in  his  tea*. 

"  I  SHALL  only  give  ao  account  of  two  ir*» 
jflances  of  the  effedt  of  metficjne  applied  in 
this  manner.  The  ailjftance  of  Signior  Piva- 
li,  the  celebrated  inventor  of  this  improve- 
ment in  elptSricity,  was  implored  by  a  young 
gentleman,  who  was  miferably  aflflided  by  a 
quantity  of  corrupted  matter  colleflcd  in  his 
foot,  that  eluded  all  the  attempts  of  the  phy- 
licians,  JSignior  Pivati  filled  a  glafs  cylinder 
with  proper  materials  j  and,  having  cleftri- 
fied  it,  drew  fparks  from  the  part-  affefted, 
find  continued  the  operation  for  fome  minutes. 
When  the  patient  went  to  bed,  he  had  a  good 
night,  and  a  mitigation  of  his  pain.  When 
he  awaked  in  the  morning,  he  found  a  fmall 
red  tubercle  on  his  foot,  which  only  itched, 
as  if  a  cold  humour  had  flowed  through  the 

•  Phil.  Tranf.  abridged.  Vol.  x.  p.  401. 
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inner  part  of  his  foot.    He  fweated  every 
night  for  eight  days  together,  and  at  the  end 
of  that  time  was  perfectly  well. 

After  this,  Signfor  Donadoni,  bifliop  of 
Sebenico,  came  to  Signior  Pjvati,  attended  by 
his  phyfician  and  fotpe  friends.  His  lor^lhip 
was  at  that  time  feventy-five  years  old,  and 
had  been  afHidted  with  pains  in  his  hands  aod 
feet  for  feveral  years.  'The  gout  had  fo  af- 
feded  his  fingers,  that  he  w^s  not  able  to 
move  them ;  and  his  legs,  fo  that  he  could 
not  bend  his  knees.  In  this  deplorable  fitua- 
tion,  the  poor  old  biihop  intfeated  Signior 
Pivati  to  try  the  effefts  of  eleflricity  on 
him.  The  eleftrician  undertook  it,  and  pro- 
ceeded after  the  following  manner.  He 
filled  a  glafs  cylinder  with  difcutient  medi- 
cines, and  managed  it  fo,  that  the  eleftric 
■virtue  might  enter  into  the  patient,  who  pre- 
iently  felt  fome  unufual  commotions  in  his 
fingers  j  and  the  adion  of  eleflricity  had  been 
continued  but  two  minutes,  when  his  lord* 
ihip  opened  and  fhut  both  his  hands,  g^ve  a 
hearty  fqueeze  to  ope  of  his  attendants,  got 
up,  walked,  fmote  his  hands  together,  help- 
ed lumfelf  to  a  chair,  and  fat  down,  wonder- 
ing at  hie  own  ftrength,  and  hardly  know- 
ing whether  it  was  not  a  dream.  At  length 
he  walked  out  of  tHe  chamber  down  flairs, 
without  any  aiTiJlance,  and  with  all  the  ala-> 
crity  of  a  young  man  *. 

f  Pbilorophical  Tranfkftions  abitdged,  Vol.  x.  p.  403. 
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A  VARIETY  of  fafts  of  this  nature  being 
pubiiflied,  and  fcemingly  well  attefted,  en-r 
gaged  all  the  ele^ricians  of  Europe  torcpeat 
thefe  experiments ;  but  none  of  them  could 
fucceed  but  thofe  mentioned  above.  An  ex- 
cellent remark  of  Mr.  Baker*8,  who  advifed 
trying  all  thefe  experiments,  notwithftanding 
their  feeming  very  improbable,  deferves  to 
J)e  quoted  here.  "  Romantic  as  thefe  things 
**  may  feem,'  they  Ihould  not  be  abfolutely 
"  condemned  without  a  fair  trial,  fmce  we 
*_•  all,  I  believe  remember  the  time,  when 
*'  thofe  phenomena  in  eleftricity,  which  are 
*'  qow  the  moil  common  and  familiar  to  us, 
*'  would  haye  been  thought  deferving  as  little 
**  credit  as  the  cafes  under  confijJeration  may 
**  feem  to  do,  had  accounts  of  them  been  fcnt 
*'  to  us  from  Rome,  Venice,  or  Bologna, 
*'  and  bad  vrp  never  experienced  them  our- 
«»  felves*.*'      ■ 

"  To  fee  thefff  wpndecp,  and  to  be  affured  of 
jheir  trpth  qt  fallacy,  Mr.  Nollet,  who  was 
deeply  intefcfted  in  every  thing  that  related 
to  his  favourft^  ftudy,  »nd  who  fet  no  bounds 
to  hi?  )abour  or  expenccs,  in  the  purfuit  of 
truth,  pven  pa0ed  the  A^pSj  and  travelled  in- 
to Italy,  where  he  vifited  all  the  gentlemen 
^rho  ha4  publiflied  ^ny  account  of  thefe  expe- 
fiments.  But  though  h9  engaged  them  to  re- 
peat their  experiments  in  his  prefence,  and 
fjpdn  himfelf ;  and  though  he  made  it  his  bu- 
finefs  to  get  all  the  bell  information  he  could 

•  Phil.  T«nf.  abridged,  Vol  Jt.  p.  406. 
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.concerning  them,  he  returned,  convinced  that 
the  accounts  of  cures  had  been  much  exagge- 
rate4;  that  ifl  no  one  inftance  had  odours 
been  found  to  tranfpire  through  the  pores  of 
icxcited  glafa ;  and  that  no  drugs  had  ever 
communicated  their  virtues  to  perfons  who 
only  held  them  in  their  hands  while  electri- 
fied. 

He  had  no  doubt,  however,  but  that,  by 
continued  el&flrjfication,  without  drugs,  fe- 
deral perfons  bad  found  confiderable  relief  in 
various  difofders;  particularly,  that  a  para^ 
lytic  perfon  had  been  cured  at  Geneva,  and 
that  a  perfon  deafof  oneear,  a  footman  who 
had  a  violent  pain  in  his  hejid,  and  a  wojftan 
who  had  a  djforcjcr  in  hej"  eyes,  v*^ere  cured  at 
Bologna  •. 

The  Englirti  philofophcrs  fliowed  no  lefs 
attention  to  this  fubjeta:  than  the  Abbe  NolleL 
The  Royal  Society  had  received  an  account 
from  Mr.  Winckler  of  his  experiments,  to 
prove  the  tranfudation  of  odoriferous  matter 
through  the  pores  of  excited  glafs;  and  none 
of  them  fucceeding  here,  the  fecretary  was 
dcfired  to  write  to  Mr.  Winckler,  in  the 
name  of  the  fociety,  defiring  him  to  tranfmit 
to  them,  not  only  a  circumltantial  account  of 
his  manner  of  making  the  experiments,  but 
Ulcewife  fome  globes  and  tubes,  fitted  up  by 
himfelf,  for  that  purpofc. 

Thesr  veflcls,  and  diredlions  how  to  ufe 
them,  Mr.  Winckler  adually  fcnt,  and  the 

*  Phil.  Tmif.  abnifgcd,  Vol.  x,  p.  413,  Sec. 
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pxpcrimentg  were  made  with  every  poffible 
precautionj  at  the  houfe  of  Dr.  Watfoo  (the 
Djoft  iqterefted  and  aflivc  perfon  in  the  kingr 
jioin  in  cvcrjr  thing  relating  to  eleSricity)  on 
(he  lathof  June  1751.  There  were  prefent 
Martin  Folkes,  prefident  of  the  Royal  Society, 
Nicholas  Mann)  £fq.  vice  prefident,  Dr.  Morr 
jiraer,  and  Peter  Dava],  Efq.  fecretaries,  Mr, 
Canton  a  fellow,  and  Mr.  Shroder,  a  gentle- 
inan  of  difttndion,  well  known  to,  and  cor- 
refponding  with  Mr.  Winckler.  But,  not- 
withflanding  all  the  pains  thefe  gentlemen 
took,  purfuing,  with  the  utmoft  exadnefs,  the 
diredions  of  Mr.  Winckler,  and  alfo  ufing 
methods  of  their  own,  which  they  thought 
ftill  better  adapted  to  force  the  effluvia  through 
the  glafs,  they  were  unfuccefsful.  They 
were  not  able  to  verify  Mr.  Winckler'a  ex- 
periments even  in  one  fingle  inftance  *. 

But  perhaps  the  moft  fatisfaflory  refuta- 
tion both  of  this  pretended  tranfudation  of 
pdours,  and  the  medicinal  efFedts  of  eledrir 
city  above  mentioned,  was  made  at  Venice, 
the  very  place  where  this  medical  eledlricity 
took  its  rife.  The  experiments  were  made  by 
Dr.  Bianchini,  profeflbr .  of  medicine,  in  the 
prefence  of  a  great  number  of  witneffes,  many 
of  them  prejudiced  in  favour  of  the  pretended 
^ifcoveries;  but  they  were  all  forced  to  be 
convinced  of  their  futility,  by  the  evidence  of 
fails,  and  by  experiments  mJide  with  the 
greatefl  care  and  accuracy  f. 

*  Phil.  Trmr.  abridged,  Vd.  xlrii.  p.  jsi. 
t  Ibid.  Vol.  slviii.  p.  399. 
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After  the  publication  of  thefe  accounts 
properly  attefted,  every  unprejudiced  perfon 
was  fatisfied,  that  the  pretended  difcoveries 
from  Italy  and  Leipfick,  which  had  raifed 
the  expedation  of  all  the  ele^ricians  in  Eu- 
rope, had  no  foundation  in  fail;  and  that 
no  method  had  yet  been  difcovered  whereby 
the  power  of  medicine  could  by  eleflricity 
be  made  to  infmuate  itfelf  into  the  human 
body  *, 

Lastly,  I  would  obferve,  that  Dr.Franfc- 
lin  alfo  (howed,  by  feveral  experiments,  the 
impoffibility  of  piixing  the  eiBuvia  or  virtue 
of  medicines  with  the  eledtric  fluid  f. 

In  fome  refpe5s  fimilar  to  the  experiments 
with  the  medicated  tubes  (as  thofe  mentioned 
above  were  ufually  called)  was  that  of  pro- 
feflbrBoze,  which  he  termed  the  beatification\ 
and  which,  for  a  long  time,  employed  other 
electricians  to  repeat  after  him,  but  to  no 
purpofe.  His  defcription  of  this  famous  ex- 
periment was,  that  if,  in  electrifying,  large 
globes  were  employed,  and  the  electrified  - 
perfon  were  placed  upon  large  cakes  of  pitch, 
a  lambent  flame  would  by  degrees  arife  from 
the  pitch,  and  fpread  itfelf  round  his  feet; 
and  that  from  thence  it  would  be  propagated 
to  his  knees  and  body,  till,  at  laft,  it  afcend- 
ed  to  his  head;  that  then,  by  continuing  the 
eledrification,  the  perfon's  head  would  be 
furrounded  by  a  glory,  fuch  a  one,  in  fomc 


•  Phil.  Traof,  abridged.  Vol.  iilrtil.  p.  ^o6. 
f  Fruklin'a  Lcttcri,  p.  8*. 
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meafure,  as  is  reprefented  by  painters  io  their 
ornamenting  the  heads  of  laints  *. 

This  experiment,  as  well  as  that  of  the 
medicated  tubes,  fet  all  the  eledtricians  in 
Europe  to  work,  and  put  them  to  a  great  deal 
ofexpcnce;  but  none  of  them  could  fucceed, 
fo  as  to  produce  an  appearance  any  thing  like 
that  defcribed  by  Mr.  Boze.  No  perfon  tools 
more  pains  in  this  bufinefs  than  Dr.  Watfon. 
He  himfclf  underwent  the  operation  feveral 
times,  fupported  by  folid  eledrlca  three  feet 
high.  Upon  being  eledrified  very  ftrongty, 
he  found,  as  be  lays  feveral  other  perfona 
alfo  did,  a  tingling  upon  the  Ikin  of  his  head, 
and  in  many  parts  of  his  body,  or  fuch  a  fen- 
fation  as  would  be  felt  from  a  vail  number  of 
infeds  crawling  over  him  at  the  fame  time ; 
and  he  conftantly  obferved  the  fenfation  to  be 
the  greateft  in  thofe  parts  of  his  body  which 
were  nearcft  to  any  non-ele£lric,  but  ftill  no 
light  appeared  upon  his  head,  though  the  ex- 
periment was  feveral  times  made  in  the  dark,, 
and  with  foine  continuance  t* 

At  length  the  Do<Sor,  wearied  with  thefc 
fruitlefs  attempts,  wrote  to  the  profeffbr,  and 
his  anfwer  fliowed  that  the  whole  had  been  a 
mere  ttick.  He  candidly  acknowledged,  that 
he  had  made  ufe  of  a  fuit  of  armour,  which 
was  decked  with  many  bullions  of  fteel,  fome 
pointed  like  nails,  fome  like  wedges,  and 
feme  pyramidal  J  and  that  when  the  eleiSri- 
zation  was  very  vigorous,  the  edges  of  the 

*  Phil.  Truf.  abiidged.  Vol.  x.  p.  4ii-  t  I^'^' 
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helmet  would  dwt  forth  rays,  fomething 
like  thofe  which  are  painted  on  the  head* 
of  faints.  And  this  was  all  his  boafled  bea-^ 
tification  *. 

This  feme  Mr.  Boze,  *vh6  feeins  to  have 
had  a  Ungulaf  afieiSation  of  fotnething  itiyfte-* 
rious  and  marvellous  in  his  experiments,  in  a 
letter  to  the  RoyalSocicty  at  London,  faid  that 
he  had  been  able,  by  elefl:ricity  only,  to  in- 
vert the  poles  of  a  natural  rtiagneti  to  deftroy 
their  virtue,  and  to  reftorC  it  again^  but  h^ 
did  not  dcfcribe  his  method  t-  Confidering 
that  no  perfon  in  England  could  fucceed  in 
this  attempt,  and  that  we  are  now  able  to  do 
it  butimperfctflly,  it  is  hardly  probable  that 
he  did  it  at  all. 

Thbbe  feems  to  have  been  feme  decep- 
tion in  an  experiment  which  the  worthy  and 
excellent  Dr.  Hales  communicated  to  the 
Royal  Society  this  year,  when  he  faysj 
that  he  obfcrved  the  eledric  fpark  from 
warm  iron  to  be  of  a  bright  light  colour  ) 
from  warm  copper,  green ;  and  from  a 
warm  egg,  of  a  yellowiJh  flame  colour, 
Thcfe  experiments,  he  laid,  feemed  to  argucf 
that  Ibme  particles  of  thofe  different  bodies 
were  carried  off  in  the  eledric  flafliesf 
whence  thofe  different  cdours  were  ex-» 
hibited  $. 

]  SHALL  conclude  this  ie(3:k)n.  Which 
might  juftly  be  intitled  the  marveUouSf  with 

•  PhiJ.  Tranf.  abridged.  Vol.  x-  p.  4,13. 

+  Wilfon's  Eflay.  p.  219. 

I  Phil.  Tianf.  abndgcd,  Vol,  x.  p.  406. 
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mentioning  the  furprifing  effe^  of  an  elec-* 
trie  fpark  in  fetting  fire  to  a  fuftian  frock, 
on  a  fon  of  Mr.  Robert  Roche,  when  he 
■was  eledrrfied  for  fomc  diforder.  I  do  not 
^eftion  the  faft.  Tiie  experiment  was 
repeated,  and  it  anfwered  again  as  well  as 
at  the  firft  time,  when  it  was  merely  acciden- 
tal. The  paper  containing  this  account 
was  read  at  the  Royal  Society  on  the  29th  of 
May  174^*. 
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SECTION      I. 

Dr.  FRANKLIN'S  discoveries  concern- 
ing THE  LeYDEN  phial,  AND  OTHERS 
CONNECTED  WITH  THEM. 

WE  have  hitherto  fcen  what  had  been 
done  in  deftricity  by  the  Engliflj 
philofophers,  and  thofe  on  the  continent  of 
Europe,  till  about  the  year  1750;  but  our 
tttention  is  now  ftrongly  called  to  what  vras 
doing  on  the  continent  of  America ;  where 
Dr.  Franklin  and  his  friends  were  as  afliduous 
in  trying  experiments,  and  as  &ccefsful  in 

*  f\ui.  Tuaf.  abridged,  Vol.  x.  f.  406. 
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making  difcoreries,  as  any  of  their  bfethrtfff 
m  Europe.  For  this  purpofe,  we  muft  look 
back  a  few  years.  As  Dr.  Franklin's  difco-i: 
veriea  were  made  intireiy  independent  of  any 
in  Europe,  1  was  unwilling  to  interrupt  thtf 
former  general  account,  by  introducing  them 
in  their  proper  year.  For  the  famfe  reafon,  I 
imagine,  it  will  be  generally  more  agreeable^ 
to  fee,  at  one  Tiew,  what  was  done  in  Ame- 
rica for  fome  confiderable  fpaceof  time,  with- 
out interrupting  t'his  account  with  what  was 
doing,  in  the  mean  time,  in  Europe.  I  {hall, 
therefore,  digeft,  in  the  heft  manner  I  can, 
the  three  firft  publications  of  Dr.  Franklin,' 
entitled  New  Experiments  and  Obfervations  on 
EleSiricity.,  made  at  Fhiladelphia  in  America^ 
communicated  In  feveral  letters  to  Peter  Col- 
linfon,  Efq.  of  London,  fellow  of  the  Royat 
Society ;  the  firft  of  which  is  dated  July  zfethy 
■    1747»  and  the  laft  April  i8th,  1754. 

Nothing  was  ever  written  upon  the  fub-* 
\t.€i  of  electricity  which  was  more  generally 
read  and  admired  in  all  parts  of  Europe  than 
thefe  letters.  There  is  hardly  any  European 
language  into  which  they  have  not  been  tranf* 
lated  J  and,  as  if  this  were  not  fufEcient  to 
make  them  properly  known,  a  tranllation  of 
them  has  lately  been  made  into  Latin.  It  is 
not  eafy  to  fay,  whether  we  are  moft  pleafed 
with  the  fimplicity  and  perfpicuity  with 
which  thefe  letters  are  written,  the  modefty 
with  which  the  author  propofes  every  hypo* 
Ihefis  of  his  own,  or  the  noble  franknefs 
with  which,  be  relates  hi»  miftakes,  when 
they 
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they  were  correded  by  fubfequent  cxpcri- 
xhents. 

Though  the  Englifli  have  not  been  back- 
ward in  actnowledginc  the  great  merit  of 
this  philofopher,  hehasnad  the  ringular  good 
fortune  to  be,  perhaps  even  more  celebrated 
abroad  than  at  home ;  fo  that  to  form  a  juft 
idea  of  the  great  and  deferved  reputation  of 
Dr.  Franklin,  we  muft  read  the  foreign  pub- 
lications on  the  fubjed  of  cle£lricity ;  in  many 
of  which  the  terms  Franklinifmy  FrankUnifiy 
and  the  Franklinian  Jyfiem  occur  in  almoft 
every  page.  In  confequence  of  this.  Dr. 
Franklin's  principles  bid  fair  to  be  handed 
down  to  poflerity,  as  expreflive  of  the  true  , 
principles  of  eledlricity ;  juft  as  the  New- 
tonian philofophy  is  of  the  true  fyftem  of  na- 
ture in  general. 

The  zeal  of  Dr.  Franklin's  friends,  and 
his  reputation,  were  confiderably  increafed 
by  the  oppofition  which  the  Abbe  Nollet 
made  to  his  theory.  The  Abbe,  however, 
never  had  any  confiderable  fcconds  in  thecon- 
troverfy,  and  thofe  he  had,  1  am  informed, 
have  ail  deferted  him. 

The  rife  of  Dr.  Franklin's  fame  in  France 
was  fird  occafioned  by  a  bad  tranflation  of  his 
letters  falling  into  the  hands  of  Mr.  Buffon. 
intendant  of  the  French  King*s  gardens,  and 
author  of  the  Natural  Hiftory  for  which  he  is 
famous.  This  gentleman,  having  fuccefs- 
fully  repeated  Dr.  Franklin's  experiments,  en- 
gaged a  friend  of  his,  Mr.  Dalibard,  to  revife 
the  tranflation ;  which  was  afterwards  publilh* 
O  ed, 
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ed,  with  a  fliort  hiftory  of  eleftricity  prefix- 
ed, to  it,  and  met  with  a  very  favourable  re- 
ception from  all  ranks  of  people.  What  con- 
tributed not  a  little  to  the  fuccefe  of  this  pub- 
lication, and  to  bring  Dr.  Franklin's  prin- 
iiples  into  vogue  in  France,  was  a  friend  of 
Mr.  Dalibard's  exhibiting  Dr.  FrankUn*8  ex- 
periments for  money.  All  the  world,  in  a 
manner,  flocked  to  fee  thefe  new  experiments^ 
and  all  returned  full  of  admiration  for  the  in- 
ventor of  them  *. 

Dr.  Franklin  had  difcovered,  as  well  as 
Dr.  Watfon,  that  the  electric  matter  was  not 
created,  but  coUeded  by  fridtioo,  from  the 
neighbouring  non-ele<flric  bodies.  He  had 
obferved,  that  it  was  impoflible  for  a  man  to 
eleflrify  himfelf,  though  he  flood  upon  glafs. 
or  wax  ;  for  that  the  tube  could  communicate 
to  him  no  more  eleftricity  than  it  had  received 
from  him  in  the  aft  of  excitation.  He  had 
obferved,  that  if  two  perfons  flood  upon  wax,. 
one  of  which  rubbed  the  tube,  and  the  other 
took  the  fire  from  it,  they  would  both  appear 
to  be  eledlrified ;  that  if  they  touched  one  an- 
other after  that  operation,  a  ftronger  fparfc 
would  be  perceived  between  them,  than  when 
any  other  perfon  touched  either  of  them ;  and 
that  fuch  a  fparfc  would  take  away  the  elediri- 
«ity  of  both  f . 

These  experiments  led  the  Do<9:or  to  think, 
that  the  eleilric  fluid  was  conveyed  from  the 
perfou  who  rubbed  the  tube  to  him  who  touch- 


•  Nollet't  Lecteri,  Vol.  i.  p.  4. 
i  Fraaklin'i  LetCcni  p.  14. 
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ed  it ;  which  introduced  fome  terms  in  eleftri- 
city  that  had  not  been  ufed  before,  but  have 
continued  in  ufe  ever  fince.  Theperfon  who 
touched  the  tube  was  faid,  by  Dr.  Franklin* 
to  be  ele^rified  po^tivsly,  or  plus ;  being  fup- 
pofed  to  receive  an  additional  quantity  of , 
eleflric  fire :  whereas  the  perfon  who  rubbed 
the  tube  was  faid  to  be  eledrified  nega/ivefy, 
or  minus ;  being  fuppofed  to  have  loft  a  part 
of  his  natural  quantity  of  the  eledric  fluid  •• 

This  obfervation  was  neceflary  to  explain 
the  capital  difcovery  which  Dr.  Franklin  made 
with  refpeft  to  the  manner  of  charging  the 
Leyden  phial ;  which  is,  that  when"  one  fide 
of  the'  glafa  is  cleiSrified  pofitively,  or  f>/ui, 
the  other  fide  is  electrified  negatively,  or  mi- 
Tius  i  {o  that  whatever  quantity  of  fire  is 
thrown  upon  one  fide  of  the  glafs,  the  fiune 
is  thrown  out  of  the  other ;  and  there  is 
really  no  more  electric  fire  in  the  phial  after  it 
is  charged  than  before;  all  that  can  be  done 
by  charging,  being  to  take  from  one  fide, 
and  convey  to  the  other.  Dr.  Franklin  alfo 
obferved,  that  glafs  was  impervious  to  electri- 
city, and  that,  therefore,  fince  the  equili- 
brium could  not  be  reftored  to  the  charged 
phial  by  any  internal  communication,  it  mull 
be  done  by  conduSors  externally,  joining  the 
infidc  and  the  outfide  f. 

These  capital  difcoveries  he  made  by  ob- 
ferving,  that  when  a  phial  was  charged,  a 
cork  ball  fufpended  on  filk  would  be  attracted 

•  Frantlin'i  Lcueri,  p.  i  ;■  t  l^iW.  p.  3. 
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by  the  outfide  coating,  when  it  was  repelled 
by  a  wire  communicating  with  the  infide; 
and  that  it  would  be  repelled  by  the  outfide, 
when  it  was  attra^ed  by  the  infide*.  But 
the  truth  of  this  maxim  appeared  more  evident 
when  he  brought  the  knob  of  the  wire  com- 
municating with  the  out0de  coating  within  a 
few  inches  of  the  wire  communicating  with 
the  infide  coating,  and  fufpended  a  cork  ball 
between  them ;  for,  in  that  cafe,  the  ball  was 
attradled  by  them  alternately,  till  the  phial' 
was  difchargcd -f". 

The  European  ele^lricians  had  obferved, 
that  a  phial  could  not  be  charged  unlefs  fome 
condu^or  was  in  contaA  with  the  oiltlide ; 
but  Dr.  Franklin  made  the  ohfervation  more 
general,  and  alfo  was  able,  by  the  principle 
above  mentioned,  to  give  a  better  account  of 
it.  As  no  more  elefliric  fire,  he  fays,  can  be 
thrown  into  the  infide  of  a  phial  when  all  is 
driven  from  the  outfide ;  fo,  in  a  phial  not 
yet  charged,  none  can  be  thrown  into  the 
infide  when  none  can  be  got  from  the  out- 
'fide.  He  alfo  fliowed,  by  a  beautiful  experi- 
ment, that,  when  the  phial  was  charged,  one 
fide  lofl  exadly  as  much  as  the  other  gained, 
in  reftoring  the  equilibrium.  Hanging  a 
fmall  linen  thread  near  the  coating  of  an  elec- 
trified phial,  he  obferved,  that  every  time  he 
.brought  his  finger  near  the  wire,  the  thread 
was  attracted  by  the  coating.  For  as  the  fire 
was  taken  from  the  infide  by  touching  the 

*  Fiuklia't  Lcucrt,  p.  4.  f  Ibid.  p.  5.. 
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wire,  the  omfide  drew  in  an  equal  quantity 
by  the  thread*. 

He  proved  that^  in  difcharging  the  phial, 
the  giving  6*001  one  fide  was  exadly  equa| 
to  the  receiving  by  the  other,  by  placing  k 
perfon  upon  eledrics,  and  making  him  dil^ 
charge  the  phial  through  his  body;  when  he 
obferved,  that  no  eledtricity  remained  in  him 
after  the'  difcharge  f.  He  alfo  hung  cork 
balls  upon  an  infulated  condu£^or  at  the  time 
of  the  difcharge  of  a  phial  hanging  to  it ;  and 
obferved,  that  if  they  did  not  repel  before  the 
explofion,  they  did  not  repel  at  the  time,  nor 
after  |.  But  the  experiment  which  moft 
completely  proved,  that  the  coating  on  one 
fide  received  juft  as  much  as  was  emitted  from 
the  difcharge  of  the  other,  was  the  follow- 
ing. 

He  infulated  his  rubber,  and  then, hanging  a 
phial  to  his  condudlor,  he  found  it  could  not 
be  charged,  even  though  his  hand  was  held 
conftantly  to  it ;  bec^ufe,  though  the  electric 
fire  might  leave  the  outfide  of  the  phial, 
there  was  none  coIleGed  by  the  rubber  to  be 
conveyed  into  the  inOde.  He  then  took 
away  his  hand  ftom  the  phial,  and  forming  a 
communication,  by  a  wire  from  the  outfide 
coating  to  the  infulated  rubber,  he  found 
that  it  was  charged  with  eafe.  In  this  cafe,  it 
was  plain,  that  the  very  fame  fire  which  left 
the  outfide  coating  was  conveyed  by  the  way 
of  the    rubber,    the  globe,   the  conductor, 

■  FriDklin's  Lettcn,  p.  5>     .  t  Ibid  p.  S. 
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and  the  ^^re  of  the  phiaU    into   the  in^ 

fide*. 

-Dr.  Franklin's  new  theory  of  charging 
the  Lcyden  phial  led  him  to  obferve  a  greater 
variety  of  fads,  relating  both  to  charging  and 
difcharging  it,  than  other  philofophera  had 
attended  to.  He  found  that  the  phial  would 
be  ele<3:rified  as  ftrongly  if  it  were  held  by 
the  hook,  apd  the  coating  applied  to  the 
globe  or  tube,  as  if  it  were  held  by  the  coat- 
ing, and  the  hook  applied ;  and,  confequent- 
ly,  that  there  would  be  the  fame  explolion, 
and  ihock,  if  the  eledtriBed  phial  were  held 
in  one  hand  by  the  hook^  and  the  coating 
touched  with  the  other,  as  when  held  by  the 
coating,  and  touched  at  the  hook.  To  take 
the  charged  phial  by  the  hook  with  fafety, 
and  not  diminilh  its  force,  he  obferres, 
that  it  tnuft  firft  be  fet  down  ^  upon  eledrics 
perfef. 

Dr.  Franklin  obferved,  that  if  a  man 
held  in*^  his  hand  two  phials,  the  one  fully 
ele^rified,  and  the  other  not  at  all,  and 
brought  their  hooks  together,  he  would  have 
but  half  a  Ihock :  for  the  phials  would  both 
remain  only  half  electrified,  the  one  being 
half  charged,  and  the  other  half  difcharged  %• 

If  two  phials  were  charged  both  through 
their  hooks,  a  cork  ball  fufpended  on  filk, 
and  hanging  between  them,  would  firft  be  at- 
traflrcd,  and  then  repelled  by  both ;  but  if 
they   were   eleftrified,  the  one  through  the 

•  Franklin'*  LeUeri,  p.  83.  +  Ibid.  p.  19. 
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■wire,  and  the  other  through  the  coating,  the 
ball  would  play  vigoroufly  between  them 
both,  till  they  were  nearly  difcharged  ^.  The 
Doaor  did  not,  at  that  time,  take  notice, 
that  if  the  phials  were  both  charged  through 
-their  coatings  (by.  which  both  the  hooks 
would  have  been  ele<£tri6ed  minus)  the  ball 
would  be  repelled  by  them  both,  as  when 
they  were  eledlrified  plus.  And  when  he, 
afterwards,  obferved  that  two  bodies  eledtri- 
fied  minus  repelled  one  another,  he  feems  to 
have  been  furprifed  at  the  appearance,  and  ac* 
knowledged  that  he  could  not  fatlsfadorily 
account  for  it  f. 

It  was  known  to  every  eledrician,  that  a 
globe  or  tube  wet  on  the  infide  would  afford 
little  or  no  fire;  but  no  good  reafon  was 
given  for  it,  before  Dr.  Franklin  attempted 
its  explanation  by  the  help  of  his  general 
maxim.  He  fays,  that  when  a  tube  lined 
with  any  non-elei^ric  is  rubbed,  what  is  col- 
leded  from  the  hand  by  the  downward  ftroke 
enters  the  pores  of  the  glafs,  driving  an  equal 
quantity  out  of  the  inner  furface,  into  the  non- 
electric lining;  and  that  the  hand,  in  paillng 
up  to  take  a  fecqnd  ilroke.  takes  put  again 
what  had  been  thrown  into  the  outward  fur- 
face,  the  inner  furface  at  the  fame  time  re- 
ceiving back  again  what  it  had  given  to  the 
non-eledric  lining ;  fo  that  the  particles  of  the 
eleiflric  fluid  go  in  and  out  of  their  pores, 
upon  every  flroke  given  to  the  tube  |. 

•  Frinklin's  LetMrt,  p.  ii.  f  Ibid.  p.  J4. 

J  Ibid.  p.  7  6. 
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If,  in  thefe  circumftances,  a  wire  was  put 
into  the  tube,  he  obferved,  that,  if  one  per- 
fon  touched  the  wire,  while  another  was 
rubbing  the  tube,  and  took  care  to  withdraw 
his  finger  as  foon  as  he  had  taken  the  fpark> 
which  had  been  made  to  fly  from  the  infide, 
it  would  be  charged  *. 

If  the  tube  was  exhauftcd  of  air,  he  ob- 
ferves,  that  a  non-elei^ric  lining  in  conta^ 
with  the  wire  was  not  neceflary ;  for  that,  in 
vacuo,  the  eleflric  fire  would  fly  freely  from 
the  inner  iurface,  without  a  non-ele^ric  con* 
du^or  f. 

Upon  the  fame  principle  he  accounts  for 
the  effefis  of  an  excited  elediric  being  per- 
ceived through  the  glafs  in  the  vacuum  be- 
yond it.  The  tube  and  its  excited  atmo- 
fphcre,  being  brought  near  a  glafs  veffel, 
repels  the  eledric  fluid  from  the  inner  fur- 
face  of  the  glafs ;  and  this  fluid,  iffuing 
from  the  inner  furface  aifls  upon  light  bodies 
in  the  vacuum,  both  in  its  paflage  from  the 
glafs,  and  likewife  in  its  return  to  it,  when 
the  excited  cle;flric  on  the  outfide  is  with- 
drawn J. 

This  maxim,  that  whatever  the  phial  takes 
in  at  one  furface  it  lofes  at  the  other,  led  Dr. 
Franklin  to  think  of  charging  feveral  phiaU 
together  with  the  fame  trouble,  by  conneS- 
ing  the  outfide  of  one  with  the  infide  of  an- 
other; whereby  the  fluid  that  was  driven  out 
of  the  firll  would  be  received  by  the  fecond, 

•  Franklin's  LeitcD,  p.  77.  t  Ibid. 
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and  what  was  driven  out  of  the  fecond  would 
be  received  by  the  third,  &c.  By  this  means 
he  found,  that  a  great  number  of  bottles 
might  be  charged,  with  the  fame  labour  as 
one  only;  and  that  they  might  be  charged 
equally  high,  were  it  not  that  every  bottle 
receives  the  new  fire,  and  lofes  its  old  with 
feme  returnee,  or  rather  gives  fome  fmall 
refinance  to  the  charging.  This  drumftance* 
he  fays,  in  a  number  of  bottles,  becomes 
more  equal  to  the  charging  power,  and  fo  re- 
pels the  fire  back  again  on  the  globe  fooner 
than  a  fingle  bottle  would  do*. 

Upon  this  principle  Dr.  Franklin  conftruft- 
ed  an  eleSirkal  battery^  confifting  of  eleven 
panes  of  large  fafh  glafs,  coated  on  each  fide, 
and  fo  conneded,  that  charging  one  of  them 
would  charge  tfaem  all.  Then  having  a  con- 
trivance to  bring  all  the  giving  fides  in  con- 
tad  with  one  wire,  and  all  the  receiving  fidet 
with  another,  he  united  the  force  of  all  dte 
plates,  and  dilcharged  them  all  at  once  f . 

When  Dr.  Franklin  firft  began  hiscxperi- 
ments  upon  the  Leyden  phial,  he  imagined 
that  the  eleifh-ic  fire  was  all  crowded  into  the 
fubftance  of  the  non-ele<a:ric  in  contaft  with 
the  glafs ;  but  he  afterwards  found,  that  its 
power  of  giving  a  ihock  lay  in  the  glais  it- 
fetf,  and  not  in  th»  coating,  by  the  following 
ingenious  analyfis  of  the  bottle. 

In  order  to  find  where  the  ftrength  rf  the 
charged  bottle  lay,  he  placed  it  upon  glafs ; 

*  FrinUin'i  Letters,  p.  \t.  \  Ibid.  p.  sfi. 
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lljen  firft  took  out  the  cork  and  the  wire^  and 
^jading  the  virtue  was  not  in  them ;  he  touch- 
ed the  outfide  coating  with  one  hand,  and 
jwit  the  finger  of  the  other  into  the  mouth  of 
the  bottle ;  when  the  fliock  was  felt  quite  as 
ftrong  as  if  the  cork  and  wire  had  been  in  it. 
Jie  then  charged  the  phial  again,  and  pour-. 
ing  out  the  water  ^nto  an  empty  bottle  in- 
fulated,  expefle^  that  if  the  force  refided  in 
the  water  it  would  give  the  ihock,  but  he 
found  it  gave  none.  He  then  judged  that 
the  clei^ic  fire  muft  cither  have  been  loft  in 
decanting,  or  muft  remain  in  the  bottle ;  and 
the  latter  he  found  to  be  truej  for,  filling  the 
charged  bottle,  with  frefli  water,  he  found 
the  fhock,  and  was  fatisfied  that  the  power  of 
giving  it  refided  in  the  glafs  itfelf  *. 

The  Dodlor  a^de  the  fame  experiment 
.with  panes  of  glafs,  laying  the  coating  on 
Jig^tly,  and  changing  it,  a&  he  had  before 
changed  the  water  la  the  bottle^  and  the  re- 
fuk  y?a8  the  fame  in  both  f.  This  experi- 
ment is  more  fadsfaftory  than  the  former; 
becaufe,  when  the  water  is  poured-  out  of  the 
f>hlal,.  there  ftill  remains  a  thin  coating  of  the 
fluid,  which  might  be  thought  to  contain  the 
powj^r  of  giving  a  ihock. 

That  the  eledric  fire  refided  in  the  glafs, 
was  alfo  farther  evident  from  this  confidera- 
tion,  that  when  glafs  was  gilt,  the  difcharg- 
ing  o£  it  would  make  a  round  hole,  tearing 
oiF  a  part  of  tbe  gilding,  which,  the  Doi^tir 

■  Fianldis's  Lctieri  p.  2^,  f  Ibid,  p  i;. 
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thought,  could  only  have  been  done  by  th^ 
fire  coming  out  of  the  glafs  through  the  gild- 
ing. He  alfo  fays,  that  when  the  gilding 
was  varniihcd  even  with  turpentine,  this  var- 
nilh,  though  dry  and  hard,  would  be  burned 
by  the  fparfc  driven  through  it,  yielding  a 
ftrong  fmell,  and  a  viflble  fmoke.  Aifo» 
that  when  a  fpark  was  driven  through  paper, 
it  would  be  blackened  by  the  fmoke,  which 
fometimes  penetrated  feveral  of  the  leaves,  and 
that  part  of  the  gilding  which  had  been  torn 
off  was  found  forcibly  driven  into  the  hole 
made  in  the.  paper  by  the  Aroke.  He  alfo 
obferved,  that  when  a  thin  bottle  was  broken 
by  a  charge,  the  glafs  was  broken  inwards* 
at  the  fame  time  that  the  gilding  was  broken 
outwards  *. 

Lastly,  Dr. Franklin  difcovered,  that  fe- 
veral fubftances  which  would  condu<5t  elec- 
tricity in  general,  would  not  condudl  the 
jQiock  of  a  charged  phial.  A  wet  packthread, 
for  inftance,  though  it  tranfmitted  electricity 
very  well,  fometimes  failed  to  condu^  a 
fliock ;  as  alfo  did  a  cake  of  ice.  Dry  earth 
too  rammed  into  a  glafs  tube  intirely  failed 
to  conduct  a  fhock,  and  indeed  would  convey 
eledricity  but  very  imperfedly  f. 

•  Frulctia'i  I^iteis,  p.  32.  t  Ibid-  p.  33. 
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Dr.  franklin's  discoveries   concern- 
ing THE  SIMILARITY  OF  LIGHTNING  AND 

ELECTRICITY. 

TH  E  grcateft  difcovery  which  Dr.  Frank- 
lin made  concerning  elcflricity,  and 
which  has  been  of  the  greateft  pradical  ufe 
to  mankind,  was  that  of  the  perfe^  fimilari- 
ty  between  elefl:ricity  and  lightning.  The 
analogy  between  thefe  two  powers  had  not 
been  wholly  unobferved  by  philofophers,  and 
efpecially.  by  ele£tricians,  before  the  publica- 
tion  of  Dr.  Franklin's  difcovery.  It  was  fo 
obvious,  that  it  had  ftruck  feveral  perfbns.  I 
Ihall  give  one  inftance,  in  the  fagacious  Abb^ 
Nollct. 

The  Ahh6  fays*,  «  If  any  one  fhould 
**  take  upon  him  to  prove,  from  a  well  con- 
**  nedted  comparifon  of  phenomena,  that 
**  thunder  is,  in  the  hands  of  nature,  what 
•*  eie£lricity  is  in  ours,  that  the  wonder* 
"  which  we  now  exhibit  at  our  pleafure-  are 
"  little  imitations  of  thofe  great  cffefts  which 
**  frighten  us,  and  that  the  whole  depends 
**  upon  the  fame  mechanifm;  if  it  is  to  bede- 
**  monftrated,  that  a  cloud,  prepared  by  the 
"  adtion  of  the  winds,  by  heat,  by  a  mix- 
*■  ture  of  exhalations,  &c.  is  oppofitc   to  a 

•  Lf^ou  it  Phyfiijue,  Vol.  iv,  p.  54. 

terrcftrial 


LIGHTNING.  205 

**  terreftrialobjea;  that  this  is  the  eledrized 
*'  body,  and,  at  a  certain  proximity  from 
**  that  which  is  not;  I  avow  that  this  idea,  if 
•*  it  was  well  fupported,  would  give  me  a 
**  great  deal  of  pleafure ;  and  in  Tupport  of 
**  it,  how  many  fpecious  reafons  pref^nt 
*'  themfelves  to  a  man  who  is  well  acquaint-  ' 
**  ed  with  cleflricity.  The  univerfality  of  the 
**  eledric  matter,  the  readinefs  of  its  a^on, 
**  its  inflammability,  and  its  adivity  in  giv- 
"  ing  fire  to  other  bodies,  its  property  of 
"  flriking  bodies  externally  and  internally, 
"  even  to  their  fmalleft  parts,  the  remarkable 
**  example  we  have  of  this  effect  in  the  ex- 
**  pcriment  of  Leyden,  the  idea  which  wc 
*'  might  truly  adopt  in  fuppofing  a  greater 
"  degree  of  cledric  power,  &c. '  all  thefe 
"  points  of  analogy,  which  1  have  been  fome 
"  time  meditating,  begin  to  make  me  be- 
**  lieve,  that  one  might,  by  taking  eleftrici- 
*'  ty  for  the  model,  form  to  one's  felf,  in  re- 
**  lation  to  thunder  and  lightning,  more  per- 
"  fed  and  more  probable  ideas  than  what 
"  have  been  ofl^ered  hitherto,  &c." 

Mr.  Winckler  alfo  enumerated  many 
particulars,  in  which  ele<aricity  and  lightning 
reftmblc  one  another  •. 

But  though  the  Abb^,  and  others,  had 
been  ftruck  with  the  obvious  .analogy  be- 
tween lightning  and  eleftricity,  they  went  uq 
farther  than  thefe  arguments  a  priori.     Itwas  ■ 
Dr.  Franklin  who  firft  propofed  a  method  of 

*  PaDizick  Memoirs,  Vol.  iii.  p.  jiS. 
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verifying  this  hypothefis,  entertaining  the 
bold  thought,  as  the  Abbe  NoUet  expreffes 
it,  of  bringing  lightning  from  the  heaTens, 
of  thinking  that  pointed  iron  rods,  fixed  in 
the  air,  when  the  atmofphere  was  loaded  with 
lightning,  might  draw  from  it  the  matter  of 
the  thunderbolt,  and  difcharge  it  without 
noife  or  danger  into  the  immenfe  body  of 
the  earth,  where  it  would  remain  as  it  were 
abforbed. 

Moreover,  though  Dr.  Franklin*s  direc- 
tions were  firft  begun  to  be  put  in  executiofi 
in  France,  he  himfelf  completed  the  demon- 
ftration  of  his  own  problem,  before  he  heard 
of  what  had  been  done  elfewhere :  and  he 
extended  his  experiments  fo  far  as  a<flually  to 
imitate  almoft  all  the  known  effeds  of  light- 
ning by  eledricity,  and  to  perform  every  elec- 
trical experiment  by  lightning. 

But  before  I  relate  any  of  Dr.  Franklin's 
experiments  concerning  lightning,  I  muft: 
take  notice  of  what  he  obferved  concerning 
the  power  of  pointed  badiesy  by  means  of 
which  he  was  enabled  to  carry  his  gi'eat  de- 
figns  into  execution.  For  he  was  properly 
the  firft  who  obferved  the  intire  and  wonder- 
ful efFeit  of  pointed  bodies,  both  in  drawing, 
and  throwing  oif  the  eledtric  fire. 

It  was  a  fmall  ftep  towards  difcovering  the 
■  efFeia  of  pointed  bodies,  that  Carolus  Auguftus 
van  Bergen,  profeflbr  of  medicine  at  Frank- 
fort on  the  Oder,  obferved  .that  fparks  taken 
from  a  poliftied  body  were  flronger  than  thofe 
from  a  rough  one.  He  could  fire  fpirit  eafily 
6  with 


LI  G  H  T  N  r  N  G.  207 

with  a  poUflied  conduflor,  but  vfith  difficulty 
by  means  of  one  not  polifbei*. 

Ms.  Jallabert  was  perhaps  the  firff 
who  obferved  that  a  body>  p6mted  at .  one 
end,  and  round  at  another»  produced  difFe- 
jcnt  appearances  upon  the  iaflie  body,  ac- 
cording as  the  pointedy  or  found  end  was 
prefented  to,  it.  But  as  Mr.  NoUet,  in  wnofe 
prcfence  he  made  the  experiment,  fays,  the 
effetft  was  not  conftant,  and  nothing  wa«  in- 
ferred from  iff".  And  the.  Abbe  acbaow-  ' 
ledges,  that  Dr.  Franklin  was  the  iirft  who 
fliowed  the  property  of  pointed,  bodies,  in 
drawing  off  eleftricity  more  efFeSually,  and 
at  greater  diftances  than  other  bodies  could 
do  it  X- 

.  He  eleflrified  an  iron  (hot,  three  or  four 
inches  in  diameter,  and  obferved,  that  it 
would  not  attradi  a  thread,  when  the  point  of 
a  needle  was  prefented  to  it ;  but  that  this  was 
not  the  cafe,  unlefs  the  pointed  body  had  a 
communication  with  the  earth ;  for,  prefcnt- 
ing  the  fame  pointed  body,  ftuck  on  a  piece 
of  fealing-wax,it  had  not  thatcfFeft  ;  though 
the  moment  the  pointed  body  was  touched 
with  his  finger,  the  cleftriclty  of  the  ball  to 
which  it  was  fufpendcd  was  difcharged.     The 

*  Dintzick  Menittin,  Vol.  ii-  p.  37$. 

t  LcttrM,   Vol.  i,  p.  130. 

X  Recherche*,  p.  I  jz.  Dr.  Fraoklin,  in  the  new  dition  oF 
hi*  Letters,  p.  ;,  fayi,  that  tjie  power  of  points  to  ihro-v  6ff 
,ihe  deAric  6k,  wm  com  muni  cared  id  him  by  bii  friend 
Mr.  Thomas  1-Iopkinfon-,  who  eleariiieJ  an  iron  b^U  of  three 
or  four  inchei  diameter,  with  a  oerdlc  fallened  to  it,  tspe^- 
ing  to  draw  a  Oronger  fpark  fro'in  the  point,  as  from  a  kind  of 
/ocuii  but  wu  furprifcd  to  &nd  little  or  none. 
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converfe  of  this  he  proyed,  by  finding  it  im' 
poflible  to  eledrify  the  iron  ihot  when  a  fliarp 
needle  lay  upoirit*. 

By  obferving  pointB  of  diiferent  degrees  of 
acutenefs.  Dr.  Franklin  correded  the  con^ 
cluOon  of  Mr.  ElHcott,  and  other  Englilh 
electricians,  that  a  pointed  bodya  as  a  piece 
of  leaf  gold}  would  always  be  fufpended 
nearer  to  the  plate  which  was  unele^irified 
than  that  which  was  eleiflrilied>  if  it  wefti 
put  between  them.  For  the  Doftor  obferv- 
ed,  that  it  always  removed  farthed  from  that 
plate  to  which  its  fliarpeft  point  was  prefent- 
ed,  whether  it  was  ele^rified  or  not ;  and  if 
one  of  the  points  was  very  blunt,  and  the 
other  very  iharp,  it  would  be  fufpended  in 
the  ak  by  its  blunt  end,  near  the  ele£tri6ed 
body,  without  any  uneledriHed  plate  being 
held  below  it  at  all  f . 

Dr.  Franklin  endeavoured  to  account 
for  this  cffedt  of  pointed  bodies,  by  fuppof- 
ing  that  the  bafe  on  which  the  cledric  fluid 
at  the  point  of  an  eleftrificd  body  refted,  be- 
ing fmall,  the  attra^ion  by  which  the  fluid 
was  held  to  the  body  was  flight ;  and  that, 
for  the  fame  reafon,  the  refiflance  to  the  en- 
trance of  the  fluid  was  proportionably  weaker 
in  that  place  than  where  the  furface  was 
flat  %.  But  he  himfelf  candidly  owns,  that 
he  was  not  quite  fatisfled  with  this  hypothelis. 
Whatever  we  think  of  Dr.  Franklin's  theory 
of  the   influence   of  pointed  condu(!lors   in 

•  Fnnklin't  Letters,  p.  56,  ttt.  t  Ibid.  p.  67. 

J  Ibi^.  p.  56. 
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drawing  and  throwing  off  the  eleftric  fluid, 
the  world  is  greatly  indebted  to  him  for  the 
J)raiaical  ufe  he  made  of  thia  dodrine  *. 

The  manner  in  which  Dr.  Franklin  firft 
conceived  the  practicability  of  drawing  light- 
ning from  the  clouds  may  be  feen  in  art 
extraift  which  he  has  givep  us  from  his  me 
moraodums,  November  7th,  1749.  After 
enumerating  all  the  known  points  of  refem- 
blance  between  lightning' and  ele^ricity,  he 
concludes  with  faying, "  The  eleAric  fluid  is  at- 
"  traded  by  points.  We  do  not  know  whether 
/*  this  property  be  in  lightning,  but  fince  they 
"  agree  in  all  the  particulars  in  which  we  can , 
"  already  compare  them,  it  is  not  probable  that 
"  they  agree  likewife  in  this.  Let  the  experi- 
*'  ment  be  made,*'  Every  circumftance  relating 
to  a  difcovery  of  fo  much,  importance  as  this, 
is  interefting  and  picafing  -f. 

Dr.  Frani^lin  begins  his  account  of  the 
limilarity  of  the  electric  fluid  and  lightning 
by  cautioning  his  readers  not  to  be  ftaggered 
at  the  great  difference  of  the  eifefls  in  point 
of  degree;  fi nee  that  is  no  argument  of  any 
difparity  in  their  nature.  It  is  no  wonder, 
fays  he,  if  the  efi^efts  of  the  one  fliould  be  fo 
much  greater  than  thofe  of  the  other.  For  if ' 
two  gun  barrels  eledtrified  will  ilrike  at  two 
inches  diftance,  and  maloe  a  loud  report,  at 
how  great  a  diftance  will  ten  thoufand 
acres  of  electrified  cloud  ftrike,    and    give 

.  •  Franklin'i  Letten,  p.  6i. 
t  Let[«>i  New  Edit.  p.  313. 
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its     6re,    and    how    loud    muft    be    that 
crack  *  ! 

I  SHALL  digcft  all  Dr.  Franklin*s  obferva- 
tions  concerning  lightning  under  the  feveral 
points  of  refemblaiice  which  he  obferved  be- 
tween it  and  eledricity,  mentioned  thefe 
points  of  fimilarity  in  the  order  in  which  he 
himfelf  remarked  them ;  only  bringing  into 
one  place  the'obfervations  which  may  hap- 
pen to  lie  in  difFeretit  parts  of  his  letters, 
when  they  relate  to  the  fame  fubjeft. 

1.  Flashes  of  lightning,  he  begins  with 
obferving,  are  generally  feen  crooked,  and 
waving  in  the  air.  The  fame,  fays  he,  is  ' 
the  elcGric  fpark  always,  when  it  is  drawn 
from  an  irregular  body  at  fome  diftance  -f-. 
He  might  have  added,  when  it  is  drawn  by 
an  irregular  body,  or  through  a  fpace  in 
which  the  beft  conductors  are  difpofed  in  an 
irregular  manner,  which  is  always  the  cafe 
in  the  hetenageneous  atmofphere  of  our 
globe. 

2.  Lightning  flrikes  the  higheft  and 
moft  pointed  objefts  jn  its  way  preferably  to 
others,  as  high  hills,  and  trees,  towers, 
fpires,  mails  of  fliips,  points  of  fpears,  &c. 
In  like  manner,  all  pointed  condndlors  re- 
ceive or  throw  off  the "  eleftric  fluid  more 
readily  than  thofe  which  are  terminated  by 
flat  furfaces  J.  \^ 

3.  Lightning  is  obferved  to  take  the 
readieA:  and  bell  coududor.     So  does  elei^ri- 

*  Franklio't  Letteii,  p.  44.  f  Ibid.  p.  ^6. 

t  Ibid.  p.  47-     • 
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city  in  the.  difcharge  of  the  Leyden  phial.  For  ' 
this  reafon,  the  Do£lor  fuppofes  that  it  would 
be  fafer,  during  a  thunder  ftorm,  to  have  one's 
deaths  wet  than  dry,  as  the  lightning  might 
then,  in  a  great  meafufe,  be  tranfmitted  to 
the  ground,  by  the  water,  on  the  outfide  of 
the  body.  It  is  found,  fays  he,  that  a  wet 
rat  cannot  be  killed  by  the  explofion  of  the 
eleiirical  bottle,  but  that  a  dry  rat  may  *. 

4.  LiGHTKiNG  burns.  'So  does  eledrici- 
ty.  Dr.  Franklin  fays,  that  he  could  kindle 
with  it  hard  dry  rofin,  fpirits  unwarmed,  and 
even  wood.  He  fays,  that  he  fired  gun- 
powder, by  only  ramming  it  hard  in  a  car- 
tridgCj  into  each  end  of  which  pointed  wir^S 
Were  introduced,  and  brought  within  half  an 
inch  of  one  another,  and  difcharging  a  ihock 
through' them  "j". 

5.  LiQHTNiNG  fometimesdiffblvesftietala. 
So  does  .ele<aricity,  though  the  DotSor  was 
millaken  when  he  imagined  it  was  by  a  cold 
fufion,  as  will  appear  in  its'  proper  place. 
The  rnethod  in  which  Dr.  Franklin  m^de  elec- 
tricity melt  metals  was  by  putting  thin  pieces 

'  of  them  between  two  panes  of  glafs  bound 
faft  together,  and  fending  an  eledric  ftiock 
through  them.  Sometimes  the  piece  of  ' 
glafs,  by  which  they  were  confined,  would 
be  fliattered  to  pieces  by  the  difcharge,  and 
be  broken  into  a  kind  of  coarfe  fand,  which 
once  happened  with  pieces  of  thick  loofcing- 
glafs ;  but  if  they  remained  whole,  the  piece 

*  Franklin*!  Letter),  p.  47.  -f  Ibid.  p.  4S,  92. 
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of  metal  would  be  miifing  iq  feveral  placcft 
where  it  had  lain  between  them,  and  inflead 
of  it}  a  metallic  ilain  would  be  feen  on  both 
die  gtanfei,  the  ftains  on '  the  under  iuid 
upper  glafs  being  -exadly  iimilar  in  the  mi- 
Butefl:  ftroke  *. 

,  A  PIECE  of  leaf  gold  treated  in  this  manner 
Appeared- not  only  to  have  been  melted,  but,. 
u  the  Do<ftor  thought,  even  vitrified,,  or 
otherwife  fo  driven  into  the  pores  of  the  glafs> 
as  to  be  protected  by  it  from  the  a^ion  of  the. 
ftrongeft  aqua  r^is.  Sometimes  he  obferved 
that  the  metallic  ftains  would  fpread  a  little 
wider  than  the  breadth  of  the  thin  pieces  of 
metal.  True  gold,  he  obferved,  made  a 
darker  ftain,  fomewhat  reddiih,  and  £tver  a 
greenjfli  ftain  f. 

Mr.  Wilson  fiippoies  that,  in  this  espe- 
liment,  the  gold  was  not  driven  into  the 
pores  of  the  glafs,  but  only  into  fo  near  a 
contadl  with  the  furface  of  the  glafs,  as  to  be 
held  there  by  an  exceedingly  great  force ;  fuch 
an  one,  he  fays,  as  is  exerted  at  the  furface  of 
all  bodies  whatever  J. 

6.  Lightning  rends  fome  bodies.  The 
feme  does  electricity  §.  The  Doctor  obferves* 
tfiat  the  eleftric  fpark  would  ftrike  a  hole 
tfirough  a  quire  of  paper.  When  vrood^ 
bricks,  Aone,  &c.  are  rent  by  lightning,  he 
takes  notice,  that  the  fpKnters  will  fly  off  on 
that  fide  where  there  i^  the  leaft  refiftance.. 

*  Fnnklin'i  Letteri,  p.  48,  6s.  f  Ibid.  p.  69* 

t  Hoidleyind  WilloD,  p.  68. 
4  FfukUii'i  Letten*  p>49* ' 
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ta  like  manner,  he  fky8>  when  a  hole  is 
ftnick  thtough  a  piece  of  pafteboard  by  an 
cleflrified  jar,  if  the  furfaces  of  the  pafle- 
board  are  not  confined  and  comprefled,  there 
will  be  a  bur  raifed  all  round  the  hole  oh  both 
fides  of  the  pafteboard  ;  but  that  if  one  fide  be 
confined,  fo  that  the  bur  cannot  be  raifed  on 
that  fide,  it  will  all  be  raifed  on  the  other 
fide,  which  way  foever  the  fluid  was  direfied. 
For  the  bur  round  the  outfide  of  the  hole  is 
the  ede(5t  of  the  explofion,  which  is  made 
every  way  from  the  center  of  the  ele&ic 
ftream,  and  not  ari  cfFefl:  of  its  direftion*. 

7.  Lightning  has  often -been  known  to 
flrike  people  blind.     And  a  pigeon,  after  a  . 
violent  Ihock  of  electricity,   by  which  the 
Boiaor  intended  to  have   killed  it,  was  ob- 
ferved  to  have  been  ftruck  blind  likewife  j". 

8.  In  a  thunder  ftorm  at  Stretham,  dc- 
fcribed  by  Dr.  Miles  if,  the  lightning  ilripped 
off  feme  paint  which  had  covered  a  gilded 
molding  of  -a  pannel  of  wainfcot,  without 
hurting  the  reft  of  the  paint.  -  Dr.  Franklin 
imitated  this,  by  parting  a  flip  of  paper  over 
the  hlleting  of  gold  on  the  cover  of  a  boofcv 
and  fending  an  electric  ftaih  through  it.  The 
paper  was  torn  off  from  end  to  end,  with 
fuch  force,  that  it  was  broken  in  feveral 
places  ;  and  in  others  there  was  brought  away 
part  of  the  grain  of  the  Turkey  leather  in 
which-the  book  was  bound.    This  convinced 


*  Pranklift's  Letien.  p   i:'^.  f  Ibid.  p.  63. 

J  Phil.  Triof.  abridged,  Vol.  nlv,  p.  38;. 
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the  Dodor,   that  if  it  had  been   paint,   j| 
would  have  been   ftripped   pfF  in  the  fame 
manner  with  that  on  the  wainfcot  at  Stretf 
ham  *, 

9.  Lightning  <3eftroys  animal  life.  Anii 
mals  have  likewife  been  killed  by  the  ihoct 
of  eleflricfty.  The  largeft  animals  whicl^ 
Dr.  Franklin  and  his  friends  had  been  able  to 
kill  Were  a  hen,  and  a  turkej'  which  weighed 
about  ten  pounds  f. 

10.  Magnets  have  been  obferyed  to  lofe 
their  virtue,  or  to  have  their  poles  reverfed  by 
lightning.  The  fame  did  Dr.  Franklin  by 
eleiftricity.  By  eleflricity  he  frequently  gave 
polarity  to  needles,  and  revepfcd  them  at 
pleafure.     A  (hock  from  four  large  jars,  fent 

>  through  a  fine  fewing  needle,  he  fays,  gave 
it  polarity,  fo  that  it  would  traverfe  when  laid 
on  wat«r.  What  is  moft  remarkable  in  thefe 
eleflrical  experiments  upon  magnets  is,  that 
if  the  needle,  when  it  was  ftruck,  lay  Eaft 
and  Weft,  the  end  which  was  entered  by  the 
cledric  blaft  pointed  North,  but  that  if  it  lay 
North  and  South,  the  end  which  lay  towards 
the  North,  would  continue  to  point  North, 
whether  t^^  ^^^  entered  at  (hat  end  or  the 
contrary ;  though  he  imagined,  th^t  a 
jdronger  ftroke  would  have  reverfed  the  poles 
pven  in  that  fituation,  an  efFedt  which  had 
been  known  to  have  teen  produced  by  light- 
ning. He  alfo  obferyed,  that  the  polarity 
^as  ftrongeft  when  the  needle  was   ftruck  ly-i- 

'  Pbil.  Tranf.  abridged,  Vol.  xlv.  p.  64. 
t  Fr«flWif}'>  l.«if«,  p.  »6,  (S3. 
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_!ng  North  and  South,  and  weakeft  when  it 
lay  Eaft  and  Weft.  He  takes  notice  that,, in 
thefe  experiments,  the  needle,  in  fome  cafes, 
would  be  finely  blued,  like  the  fpring  of  a 
watch,  by  the  eledlric  flame;  in  -which  cafe 
the  colour  given  by  a  fiafh  from  two  jars  on- 
ly might  be  wiped  off,  but  that  a  flalh  from 
four  jars  fixed  it,  and  frequently  melted  the 
needles.  The  jars  whicK  the  Dodlor  ufed 
held  feven  or  eight  gallons,  and  were  coated 
and  lined  with  tinfoil  *. 

To  demonftrate,  in  the  complcteft  manner 
poffible,  the  famenefs  of,  the  eledric  fluid 
•with  the  matter  of  lightning.  Dr.  Franklin, 
aftoniftitng  as  it  muft  have  appeared,  contriv- 
ed aiflually  to  bring  1  ightning  from  the  heavens, 
by  means  of  an  eled:rical  kite,  which  be 
raifed  when  a  ftorm  of  thunder  was  perceived 
to  be  coming  on.  This  kite  had_  a  pointed 
wire  fixed  upon  it,  by  which  it  drew  the 
lightning  from  the  clouds.  This  lightning 
defcended  by  the  hempen  ftring,  and  was  re- 
ceived by  a  key  tied  to  the  extremity  of  it ; 
that  part  of  the  ftring  which  was  held  in  his 
hand  being  of  filk,  that  the  eleftric  virtue 
might  ftop  when  it  came  tb  the  key.  He  found 
that  the  ftring  would  condud:  eleiSricity  even 
when  nearly  dry,  but  that  when  it  was  wet, 
it  would  conduct  it  quitg  freely;  fo  that  it 
would  ftreamout  plentifully  from  the  key,  at 
the  approach  of  a  perfoft's  finger  f. 

*  Franlclin'i  Letieri,  p  90,  ftc.  f  Ibid.  p.  106. 
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At  this  key  he  charged  phials,  and  froa^ 
eledric  lire  thus  obtain^*  he  kindled  fpirits* 
and  performed  alt  other  eledrical  cxperimentEi 
which  are  ufually  exhibited  by  an  excited 
globe  or  tube. 

As  every  circumftance  relating  to  fo  capital 
a  difcovery  as  this  (the  greateft,  perhaps,  that 
has  been  made  in  the  whole  compafs  of  phiT 
lofophy,  fince  the  time  of  Sir  Ifaac  Newton) 
cannot  but  give  pteafure  to  all  my  readers,  I 
fhall  endeavour  to  gratifjr  thepi  with  the  com-; 
muDtcation.of  a  few  particular^  which  I  have 
from  the  beft  authority, 

Th.6  Doctor,  after  having  publiflied  his 
method  of  verifying  his  hypothefis  concern- 
ing the  famenefs  of  electricity  with  the  mat- 
ter lightning*  was  waiting  for  the  eredion  <^ 
a  fpire  in  Philadelphia  to  carry  his  views  into 
execution  ;  not  imagining  that  a  pointed  rod* 
of  a  moderate  height,  could  anfwer  the  pur-» 
pofe;  when  it  occurred  to  him,  that,  by 
'  means  of  a  common  kite,  he  could  have  ^ 
readier  and  better  accefs  to  the  regions  of 
thunder  than  by  any  fpire  whatever.  Pre-r 
paring,  therefore,  a  large  lilk  handkerchief, 
and  two  crofs  flicks,  of  a  proper  length,  on 
which  to  extend  it.  he  took  the  opportunity 
of  the  6rfl  approaching  thunder  florm  to  take 
a  walk  into  a  held,  in  which  there  was  a'fhed 
convenient  for  his  purpofe.  But  dreading  the 
ridicule  which  too  commonly  attends  un- 
fuccefsful  attempts  in  fcience,  he  commu- 
nicated his  intended  experiment  to  no  bcdy 

but" 
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bttt  bis  foo,  who  aflBftsd  him  in  raifing  the 

fcite. 

The  kite  being  railed,  a-  confiderable  time 
eUpfed  before  there  was  any  appearance  of 
^8  being  electrified.  One  very  promifing 
doud  had  faffed  OTcr  it  without  any  cffe<ft  ;. 
when,  at  length,  juft  as  he  was  beginning  to 
de^ir  of  his  contrivance,  "he  obferved  feme 
lo&  threads  of  the  hempen  firing  to  ftand 
ae£t,  and  to  avoid  one  another,  jiift  as  if 
'  they  had  been  lufpended  on  a  common  con- 
du(^or.  Struck  with  thie  promiiing  appear- 
jince,  he  immediately  prefented  his  knucle'  to 
the  key,  and  (let  the  reader  judge  of  the  ex-  . 
quifite  pleasure  he  muft  have  felt  at  that  mo« 
ment)  the  difcovery  was  complete.  He  per- 
ceived a  very  evident  eieftric  fpark.  Others 
fiicceeded,  even  before  the  ftring  was  wet,  lb 
as  to  put  the  matter  paft  all  difpute,  and  when 
the  rain  bad  wetted  the  firing,  he  colle^ed 
ele^ric  fire  very  c<^ioufly.  This  happened 
in  June  1752,  a  month  after  the  eledricians  ~ 
in  France  had  verified  the  fame  theory,  but 
before  he  had  heard  of  any  -  thing  that  they 
had  done. 

Besides  diis  kite,  Dr.  Franktin  had  after- 
wards an  infulatcd  iron  rod  to  draw  the  light- 
ning into  his  houfe,  in  order  to  make  experi- 
ments whenever  there  fhould  be  a  confider- 
able  quantity  of  it  in  the  atmofphere;  and  , 
that  be  might  not  lofe  any  opportunity  of 
that  nature,  he  conne£lcd  two  bells  with 
this  apparatus,  which  gave  him  notice, 
6  by 
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by  their  ringing,  wheoever  hi*  rod  was  elec- 
trified *. 

The  Doctor  being  able,  in  this  manner, 
to  draw  the  lightning  into  his  .houfe,  and 
make  experiments  with  it  at  his  leifure ;  and 
being  certain  that  it  was  in  all  refpeds  of  the 
fame  nature  with  eleflricity,  he  was  defirous 
to  know  if  it  was  of  the  pofitive  or  negative 
kind.  The  firft  time  he  fucceeded  in  making 
,  an  experiment  for  this  purpofe  was  the  1 2th 
of  April  1753,  when  it  appeared  that  the 
lightning  was  negatived  Having  fpund  that 
the  clouds  eleflrified  negatively  in  eight  fuc- 
ceffive  thunder  gufts,  he  concluded  they  were 
always  eledrified  negatively,  and  formed  a 
theory  to  account  for  it.  But  he  afterwards 
found  he  had  concluded^  too  foon.  ;  For,  on 
the  fixth  of  June  following,  he  met  with  one 
cloud  which  was  eledrified  pofitively ;  upon, 
which  he  correded  his  former  theory,  but 
did  not  feem  able  perfe^Iy  to  fatisiy  himfelf 
with  any  other.  The  Do^or  fometimes 
found  the  clouds  would  change  from  pofitive 
to  negative  eieflricity  feveral  times  in  the 
courfe  of  one  thunder  guft,  and  he  once  ob- 
ferved  the  air  to  be  ftrongly  eleftrlfied  during 
a  fall  of  fnow,  when  there  was  no  thunder 
at  all  t 

But  the  grand  praflical  life  which  Dr. 
Franklin  made  of  his  difcovery  of  the  fame- 
nefa  of  electricity^ and  lightning,  was  to  fe- 

*  Franklin'g  Letters,  p.  112.  t  Ibid,  p.ti;,  &c. 
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Eure  buildings  from  being  damaged  by  light- 
^JDg,  a  thing  of  Taft  confequence  in  all  parts 
of  the  world,  but  more  efpecially  in  fevera! 
parts  of  North  America,  "where  thunder  fto/ma 
Arc  more  frequent,  and  their  e(Fe(^8,  in  that 
dry  air,  more  dreadful,  than  they  are  ever 
known  to  be  with  us. 

This  great  end  Dr.  Franklin  accompliihed 
by  fo  eafya  method,  and  by  fo  cheap,  and 
feemingly  trifling  apparatus,  as  fixing  a 
pointed  metalline  rod  higher  than  any  part  of 
the  building,  and  communicating  with  the 
ground,  or  rather  the  nearell  water.  This 
wire  the  lightning  was  fure  to  feize  upon, 
preferably  to  any  other  part  of  the  building ; 
whereby  this  dangerous  power  would  be  iafe- 
ij  condu£led  to  the  earthy  and  diHipated, 
without  doing  any  harm  to  the  building  *. 

Dr.  Franklin  was  of  opinion,  that  a 
wire  of  a  quarter  of  an  inch  in  thicknefa 
would  he  fufficient  to  conduifi  a  greater  quan-  , 
tity  of  lightning  than  was  ever  actually  dif- 
(:harged  from  the  clouds  in  one  ilroke.  He 
found,  that  the  gilding  of  a  book  was  fufEci- 
cnt  to  conduit  the  cTiarge  of  five  large  jars, 
and  thought,  that  it  would  probably  have 
conduced  the  charge  of  many  more.  He  al- 
io found  by  experiment,  that  if  a  wire  was 
deftroyed  by  an  explofion,  it  was  yet  fuffici- 
■ent  to  condudl  that  particular  ftroke,  though 
it  was  thereby  rendered  incapable  of  conduct-- 
ipg  another  f . 

f  frinkliii'i  Letter*)  p.  62,  134.         f  Ibid.  p.  114.  it;. 
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The  Doflor  alio  fuppofed,  that,  pointed 
rods  ereded  cm  edifices  might  likewife  often 
prevent  a  ftroke  of  lightning  in  the  following 
manner.  He  fays,  that  an  eye  fo  fituated  as 
to  view  horizontally  the  undcrfide  of  a  thun* 
4er  cloud,  will  fee  it  very  ragged,  with  a 
'  number  of  feparate  fragments,  or  petty  clouds, 
one  under  another,  the  loweft  fometimcs  not 
.  far  from  the  earth.  Thefe,  as  fo  many  ftep- 
ping  ftones,  aifift  in  conduiaing  a  ftroke  be- 
tween a  cloud  and  a  building.  To  reprefent 
thefe  by  an  experiment,  he  direfls  us  to  take 
two  or  three  locks  of  fine  loofe  cotton  and 
conned  one  of  them  with  fhe  prime  conduc- 
tor, by  a  fine  thread  of  two  inches  (which  may 
be  fpun  out  of  the  fame  lock)  another  to  that, 
and  a  third  to  the  fecond,  by  like  threads. 
He  then  bids  us  to  turn  the  globe,  and  fays 
we  fliall  fee  thefe  locks  extending  themfelTcs 
.towards  the  table  (as  the  lower  fmall  clouds 
f  do  towards  the  earth)  but,  that,  on  prefenting 
a  ftiarp  point,  credt  under  the  loweft,  it  will 
flirink  up  to  the  fecond,  the  fecond  to  the 
firft,  and  all  together  to  the  prime  conduiflor, 
where  they  will  continue  as  long  as  the  point 
continues  under  them.  -  A  moft  ingenious 
and  beautiful  experiment !  May  not,  he  adds, 
in  like  m  anner,  the  fmall  elcArified  clouds, 
whofe  equilibrium  with  the  earth  is  foon  re- 
ftored  by  the  point,  rife  up  to  the  main  body, 
and  by  that  means  occafion  fo  large  a  vacancy,  . 
as  that  the  grand  cloud  cannot  ftrike  in  that 
place*. 

"  Fiankliu'i  LeiUn,  p.  I2i,  tte. 
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Mr.  Wilckb,  in  his  remarks  on  £>r. 
pranklin's  letters,  feys,  that  on  the  2 :  th  of 
Auguft  1758,  he  faw  this  fuppofition  verifi- 
ed ;  as  he  was  viewing  a  large  fringed  cloud, 
ftrongly  elc^rified,  paffing  over  a  foreft  of 
tall  'fir  trees.  ■  The  ragged  and  depending 
parts  of  the  large  cloud  were  fi'rft  attraifted 
lower,  and  then  Suddenly  rofe  higher,  and 
joined  the  large  cloud  *. 

He  was  alfo  an  eye  witnefs  (rf*  two  clouds 
lying  one  over  the  other,  approaching,  and 
'flafliing  into  one  another.  The  lightning 
fpread  itfelf  over  all  the  parts  of  the  blacker 
cloud,  which  was  negative,  and  which  imme- 
diately began  to  diffoive  in  rain  f. 

Dr.  Franklin  advifes  perfons  who  art 
apprehenfive  of  danger  from  lightning,  to 
fit  in  the  taiddle  of  a  room  (provided  it  be 
oot  under  a  metal  luflre  fufpended  by  a  chain) 
fitting  on  one  chair,  and  laying  their  feet ,  on 
another.  It  is  Hill  fafer,  he  fays,  to  bring 
two  or  three  mattrefles,  or  beds,  into  the 
middle  of  the  room,  and  folding  them  double, 
to  place  the  chairs  upon  them,  for  they  not 
being  ib  good  conductors  as  the  walls,  the 
lightning  will  not  chufe  to  pafs  through 
them  ;  but  the  iafell  place  of  all  is  in  a  ham-> 
mock  hung  in  filken  cords,  at  an  equal  dif> 
tance  from  all  the  fides  of  the  room,  p.  484. 
I  would  add,  that  the  place  of  moft  abfolute 
fefety  muft  be  the  cellar,  and  efpccially  the 
middle  of  it;  for  whena  perfon  is  lower  than 

"  Wilcke*»Tr»nflati'on,  p,  jji. 
t  Franklin')  Lntcni  p.  35^ 
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the  furface  of  the  earth,  the  lightning  mtift 
flrike  it  before  it  can  poffibly  reach  him.     la 
the  fields,  the  place  of  fafety  is,  within  a  few 
yards  of  a  tree,  but  not  quite  near  it, 

,         SECTION     iir. 

MiSCElLANEOUS      DISCOVERIES     OF     Dr* 

FRANKLIN,    and  his    friends    in 
America,  DURING  the  same  Period. 

DR.  FRANKLIN,  retaining  the  com- 
mon  opinion,  that  electrified  bodies 
have  real  atmofpheres  of  the  eledric  fluid 
(confining  of  particles  at  fome  diflance  from 
the  furface  of  the  body,  but  always  going 
along  with  it)  obferved  that  thefe  atmofpheres 
and  the  air  did  not  feem  to  exclude  one  an- 
other; though,  he  fays,  this  be  difHuIt  to 
conceive,  confidering  that  they  are  generally 
fuppofed  to  repel  one  another. 

,An  elet^ric  atmofphere,  he  fays,  raifed 
round  a  thick  wire,  inferted  into  a  phial, 
drives  out  none  of  the  air  it  contained  ;  nor 
on  withdrawing  that  atmofphere,  will  any  air 
rufli  in,  as  he  found  by  a  very  curious  expe- 
riment, accurately  made ;  whence  he  alfo 
concluded,  that  the  elafticity  of  the  air  was 
not  afFedcd  by  it  *.  - 

The  experiment,  as  the  Do^or  informs 
me,  was  made  with  a  fm^l  glafs  fyphon, 

•  Franklm'i  Letters,  p.  98. 
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,one  leg  paffing'  tijrough  the  cork  into  the  ■ 
bottle.  The  other  leg  had  in  it  a  drop  of  red 
ink,  which  readily  moved  on  the  leaft  change 
of  heat  or  cpld  in  the  air  contained  in  the 
phial ;  but  not  at  all  on  the  air's  being  elec- 
trified. 

He'alfo  made  an  experiment  which  would 
feem  to  prove  the  immobility,  as  we  may  fay, 
of  thefe  atmofpheres  by  any  external  force, 
if  they  have  any  exiftence  at  all ;  but  others 
may  think,  it  is  rather  an  argument  againft 
their  exiftence.  He  electrified  a  large  cork 
ball  faftened  to  the  end  of  a  filk  ftring  three 
feet  long;  and,  taking  the  other  end  in  his  * 
hand,  he  whirled  it  round,  like  a  fling,  a 
hundred  times  in  the  open  air,  with  the 
fwifteft  motion  he  could  poffibly  give  it;  and 
obferved,  that  it  ftill  retained  its  ele£tric  at- 
mofphere,  though  it  miiil  have  pafled  through 
eight  hundred  yards  of  air  *. 

To  fhow  that  a  body,  in  different  circum- 
ftances  of  dilatation  and  contraftion,  is  capable 
of  receiving,  or  retaining  more  or  lefs  of  the 
electric  fluid  on  its  furface,  he  made  the  follow- 
ing curious  experiment.  He  electrified  a  filver 
cann,in  which  there  were  about  three  yards  of 
brafs  chain,  one  end  of  which  he  could  raife 
to  what  height  he'  pleafed,  by  fineans  of  a 
pully  and  a  iilken  cord.  He  fufpended  a  lock 
of  cotton  by  a  filken  ftring  from  the  ceiling 
of  the  room,  making  it  hang  near  the,  cup; 
and  obferved,  that  every  time  he  drew  up  the 

•  Pianklm's  Letter!,  p.  97. 
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chaitii  the  cotton  approached  nearer  to  th« 
cup,  and  as  conftantly  receded  from  it  when  - 
the  chain  was  let  down.  From  this  experi- 
meot  it  was  evident,  he  fays,  that  the  atmof- 
phere  about  the  cup  was  diminilhed  by  raiC* 
ing  the  chain,  and  increafed  by  lowering  it ; 
and  that  the  atmofphere  of  the  chain  muft 
have  been  drawn  from  that  of  the  cup  when 
it  was  raifed,  and  have  returned  to  it  again 
when  it  was  let  down  *. 

To  make  eleQric  atmofpheres  in  Tome  mea« 
fure  vifible,.thc  Dodor  ufed  to  drop  rofin  on 
hot  iron  plates  held  under  bodies  eledritisd; 
and,  in  a  ftill  room,  the  fmoke  would  afcend, 
and  form  viable  atmofpheres  round  the  bodies* 
maldng  them  look  very  beautiful.  In  trying 
ia  what  circumftances,  the  repellency  between' 
an  eledriiied  Iron  ball,  and  a  fmall  cork  ball 
would  be  altered,  he  obferved,  that  the  fmoke 
of  rofin  did  not  deftroy  their  repellency,  but 
was  attracted  both  by  the  iron  and  the  cork  f. 
The  Do^or  obferved,  that  filver  expofed  to 
-tije  eledric  fparfc  would  acquire  a  blue  (lain, 
and  that  iron  wouldfeem  corroded  by  it ;  but  he 
could  never  perceive  any  impreffion  made  oa 
gold,  brafs,  or  tin.    The  fpots  on  the  filver 

or  iron  were  always  the  fame,  whether  they 
received  the  fpark  from  lead,  brafs,  gold,  or 
illver ;  and  the  fmell  of  the  eleifitric  6re  was 

the  lame,  through  whatever  bodies  it  wai 
conveyed  |. 

•  Prauklin'i  Letters,  p.  iai.  t'Ibid.  p.  55. 
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While  we  aire  attending  to  what  wasdond 
by  Dr.  Franklin  at  Philadelphia,  we  tnuft  by 
no  means  overlook  what  was  done  by  Mn 
Kinnerfleyi  *  the  Dodtor's  fuend,  while  at 
Bofton  ip'Nfiw  England.  Some  of  his  ob- 
fervations,  of  which  an  account  is  given  in 
the  Doctor's  letters,  are  very  icurioUs;  and  . 
fome  later  accounts,  which  he  himfelf  has 
tranfmitted  tp  England,  feem  to  pfomife,  (hat, 
if  he  continue  his  eletflrical  inquiries,  his  * 
-name,  after  that  of  his  friefid,  will  be  fecond 
to  few  in  the  hiftory  of  ele<3ricity. 

He  firft  diftinguiftied  himfelf  by-  re-difco- 
vraring  Mr.  Du  Fay's  two  contrary  eleiSricitieg 
of  glafs  and  fulphur,  with  which  both  he  and 
t)r.  Franklin  were  at  that  time  wholly  unac- 
quainted. But  Mr.  Kinnerfley  had  a  great 
advantage  over  Mr.  Du  Fay;  for  making  hia 
.  experiments  in  a  more  advanced  ftate  of  the 
fcience,  he  law  immediately^  that  the  two  con- 
trary elearicities  of  glafc  and  fulphur  were  the 
Very  fame  pofitive  and  negative  eleQricities, 
which  had  juft  been  difcovered  by  Dr.  Watfon 
and  Dr.  Franklin. 

He  bbferveci,  that  a  cork  ball»  eleflrified  by  ' 
aconduAor  from  excited  glafs,  would-be  at- 
tradled  by  excited  amber  and  fulphur,  and  re- 
pelled by  excited  glafs  and  china^  that  electri- 
fying the  ball  with  the  \vire  of  a  charged  phial, 
k  would  be  repelled  by  excited  glafs,  but  at- 
traifed  b^  excited  fulphur ;  and  that  when  he 
electrified  it  by  fulphur  or  atnber,  till  it  be- 
came repelled  by  them,  it  would  be  attra'ied 
by  the  wire  of  the  phial,  and  repelled  by  its 
Q^  coating. 
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coating.  Thefe  experiments  furprifcd  h'lnl 
very  much,  but  by  analogy  he  was  led  to  in- 
fer, a  priori^  the  following  paradoxes,  as  he 
calls  them,  which  were  afterwards  verified  by 
Dr.  Franklin  at  his  requeft  *. 

"  I.  If  aglafsglobe  be  placed  at  one  end 
•'  of  a  prime  condudor,  and  a  fulphur  one  at 
"  the  other,  both  being  equally  in  good  or- 
•*  der,  and  in  equal  motion,  not  a  fpark  of 
"  fire  can  be  obtained  from  the  conductor, 
*^  but  one  globe  will  draw  out  as  fall  as  the 
^*  other  gives  in, 

**  2.  If  a  phial  be  fufpended  oft  the  con- 
*^  dilator  with  a  chain  from  its  coating  to  the 
*}  table,  and  only  one, of  the  globes  be  made 
*'  ■  ufe  of  at  a  time,  twenty  turns  of  the  wheel, 
**  for  inftance,  will  charge  it ;  after  which, 
"  as  many  turns  of  the  other  wheel  will 
"  difcharge  it;  and  as  many  more  will  charge 
**  it  again. 

"  7^.  The  globes  being  both  in  motiont 
**  each  having  a  feparate  conduiftor,  with  a 
"  phial  fufpended  on  one  of  them,  and  the 
"  chain  faftened  to  the  other  ;  the  phial  will 
**  become  charged,  one  globe  charging  pofi- 
*'  lively,  and  the  other  negatively. 

"  4.  The  phial  being  thus  charged,  hang 

.  **  it  .in  like  manner,  on  the  other  condudxir, 

**'  Set   both    wheels  a-going  again,   and  the 

,  "  fame  number  of  turns  that  charged  it  be- 

**  fore  will  now  diftharge  it,  and  the  lame 

"'  number  repeated  will  charge  it  again. 

*  Fraaklia'f  L:  tiers,  p.  99. 
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u  -  jj  WHtu  each  globe  communicates  with 
**  the  fai&e  prime  condudor,  having  a  chaiti 
■•*  hanging  from' it  to  the  table,  one  of  them, 
"**  .when  iii  motion  (but  which  I  cannot  fay) 
"  will  draw  fire  up  through  the  culhioh,  and 
"  difcharge  it,  through  the  chain  ;  and  thfe 
*'  other  will  draiw  it.  Up  through  the  chain, 
**  and  difcharge  'it  through  the  ciifliion  *.** 

When  Mr.  'Kinnerfley  was  advifing  his 
■friend  to  try  'the  experiments  with  the  fulphul- 
globe,  he  cautions  him  not  to  make  ufe  of 
chalk  on  the  cuftiion,  telling'  him  that  fome 
fine  powdered  fiilphuf  would  do  better.  And 
'he  exprefles  his  hope  that  if  the  Ddftor  fhould 
■find  the  tyro  globes  to  charge  the  prime  con- 
duGot  differently,  he  would  be  able  to  difco- 
verYome  method  of  determining  Which  it  was 
that  chargfed  pofitively. 

Dr.  Franklin,  whdti  thefe  exjperiments 
and  eonjetflures  were  propofeti  to  him,  had  no 
ideaof  their  having  any  real  foundation;  but 
Imagined,  that  the  dlffetent  attractions  and 
■fepulfions  ftbferved  by  Mr.  Kinnerfley  pro- 
ceeded rathdr  from  the  greater  or  fmaller 
tjuahtities  of  the  eleflric  fire,  obtained  from 
different  bodies,  than  from  its  being  either 
df  a  different  kind,  or  having  a  different  di- 
TCfftion.  But  firiding,  upon  trial,  that  the 
principal  of  Mi'.Kinnerfley's  fuppofitions  were 
verified  by  fad,  he  had  no  doubt  of  the 
refit- 


•  Franklin'*  Letters    p 
t  Ibid.   p.   101,   103. 


Q^a  Ik 

n,gNj«JrvGi>t5l^Ic 


228        D  I  S  C  O  V  E  R  I  E  S   o  r 

In  anfwer  to  the  doubt  of  Mr.  Kinnerflqr* 

■whether  the  glafs,  or  the  fulphur  electrified 
pofitively,  the  Doctor  gave  it  at  his  opinion, 
that  the  glafs  globe  charged  pofitivcIy,  »nd 
the  fulphur  negatively,  for  the  foUowlog. 
reafons. 

I.  Bfcause,  though  the  fulphur  globe 
feemed  to  worfc  equally  well  with  the  gla& 
one,  yet  it  could  never  occafion  fo  large,  and 
fo  diftant  a  fpark- between  his  finger  and  cott* 
du^ior  as  when  the  glafs.  globe  was  ufed.  But 
what  he  adds  to  confirm  this  proof  does  no,t 
feem  to  be  fatiefadory.  He  fuppofes  that 
bodies  of  a  certain  bignefs  cannot  fb  eafiljr 
part  with  the  quantity  of  ele&ric  .fluid  which 
they  have,  and  hold  attraded  within  their 
fubftance,  as  they  can  receive  an  additional 
quantity  upon  their  furface,  by  way  of  atmo^ 
fphere ;  and  that  therefore  fo  much  could  not 
be  drawn  out  of  the  coudu^or,  as  might  be 
thrown  on  it*. 

3.  He  obferved  that  the  flream  or  brufii  of 
fire,  appearing  at  the  end  of  t^e  wire  con- 
netfled  with  the  conductor,  was  long,  larg^, 
and  much  diverging  when  the  glafs  glob^ 
was  ufed,  and  made  a  fnapping  or  rattling 
noife;  bat  that  when  the  fulphur  globe  was 
ufed,  it  was  fhort.  fmall,  and  made  a  biffio^ 
noife.  He  aifo  obferved,  that  juft  the  reverfc 
of  both  thcfe  cafes  happened  when  he  held 
the  fame  wire  in  his  hand,  and  the  globes 
were  worked  alternately.  The  bruih  was  large, 

*  Fratiklin'i  LeitcK,  p.  104. 
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tong-,  diverging,  and  fnapping  or  rattling> 
when  the  fulphur  globe  was  turned;  bu 
ihortj  Jmall,  and  hifling,  when  the  glafs 
globe  was  turned.  When  the  brufli  was 
longt  large,  and  much  diverging,  it  feemed 
to  the  Dodor,that  the  body  to  which  it  joined 
was  throwing  the  fire  out,  and  when  the 
contrary  appeared,  it  feemed  to  be  drinking 
m*. 

3.  Hb  obferved,  that  when  he  held  his 
knuckle  before  the  fulphur  globe,  while  it 
was  turning,  the  ftream  of  6re  between  his 
knuckle  and  the  globe  feemed  to  fpread  on  its 
furface,  as  if  it  flowed  from  the  finger,  but 
before  the  glafs  globe  it  was  otherwife. 

4,  He  obferved  that  the  cool   wind    {or 
'  what  was  called  fo)  which  is  felt  as  coming 

froiTi  an  eledrified  point,  was  lAuch  more  fen- 
fible  when  the  glafs  globe,  than  when  the 
fulphur  one  was  ufed.  But  thefe,  though 
the  beft  arguments  which  the  fenfes  can  fur- 
nifli,  of  the  courfe  of  the  elcaric  fluid,  thtf 
DoftoT  acknowledges  wtfre  but  hafty  thoughts. 
Indeed,  confidering  that  the  velocity  of  the 
eleftric  fluid  has  been  found,  by  experiment, 
tJ  be  nearly  tnftantaneous,  in  a  circuit  of 
many  miles,  if  cannot  be  fuppofed  that  the 
eye  ftiould  be  able  to  diftinguifti  which  way 
it  goes  in  the  fpace  of  one  or  two  inches  f. 
J  SHALL  conclude  this  article  with  o^^lerv- 
■  ing  that  the  experiments,  which  the  Dodor 
made  with  globes  of  glafs  and  fulphur,  arc 

•  Fiuklin'i  lycneri,  p.  104.  f  Ibid.  p.  loj. 
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much  more  eafily  exhibited  by  the  condu£ton 
and  infulated    rubber  of  either  of  them>  all 
^c  efFeds  being  the  reverfe  of  each  other, 

I  MUST  now,  for  the  prefent,  take  leave 
of  this  ingenious  writer  and  his  friends,  after 
having  brougl^t  the  hiftory  of  their  labours  to 
^he  year  1754)  and  muft  return  to  fee  what 
tvas  doing  on  the  continent  of  Europe  for.  twQ 
or  three  years  preceding  this  date,  while  ^^ 
left  it  to  go  over  to  America, 

P     E    R    I     O    D      X.' 
The  history  of  electricity,  from  the 

TIME  THAT  DB.  FrANKLIN  MADE  HIS 
eXPERIMENTS  IN  AMERICA,  TILL  THj; 
YEAR    1766, 

WE  are;  now  enteririg  upon  the  laft  pe- 
riod into  which  the  hiftory  <^  elec- 
tricity divides  itfelf,  in  which  the  great  variety 
of  matter  prefented  to  our  view  muft  oblige 
an  hiftorian  to  have  recourfe  to  the  ftriileft 
method ;  for,  othcrwife,  the  narration  would 
be  extremely  perplexed  and  difgu(ling.  A^ 
this  period  contains  the  events  of  a  laiger 
fpace  of  time  than  moft  of  the  others,  yet 
without  any  convenient  refting  place;  as  the 
bufinefs  of  eledricity  has  been  conliderably 
multiplied  in  it,  and  a  greater  number  of 
labourers  have  been  employed  in  gathering  in 
the  harveft  of  difcoveries,  the  feeds  of  which! 
were  fown  by  Dr.  \Vatfon,  Dr.  Franklip,  and 
others. 
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others,  in  the  preceding  periods ;  I  am  oblig- 
ed to  fubdivide  this  into  more  diftind  parts, 
but  I  hope  they  will  not  be  found  to  be  more 
than  were  neceffary,  in  order  to  prevent  con- 
fufion. 

However,  this  circumftance,  of  the  great  • 
quantity  and  variety  of  materials  furniftied  in 
tiiis  period,  in  proportion  as  it  tends  to  em- 
barrafs  an  hiftorian,  and  exercife  his  talent 
for  proper  diftribution  and  arrangement,  is 
a  ftriking  demonftration  of  a  truth,  which 
mull  give  the  greateft  pleafure  to  all  the  lovers 
of  electricity  and  Natural  Philofophy.  If  the 
progrefs  continue  the  fame  in  another  period* 
of  equal  length,  if  the  harveft  of  difcoveries 
continue  to  be  more  plentiful,  and  the  la- 
bourers proportionably  more  numerous;  what 
a  glorious  fcene  fhall  we  fee  unfolded,  what  a 
fund  of  entertainment  is  there  in  llore  for  us, 
and  what  important  benefits  may  be  derived 
to  nuui^nd ! 


<L4  SECTION 
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SECTION      r. 

Improvements  in  the  electrical  ap- 
paratus, WITH  EXPERIMENTS  AND  OB- 
SERVATIONS RELATING  TO  IT, 

AS  OUT  eledrical  apparatus  has  been 
much  improved  within  this  period,  I 
fliall  firft  recite  what  has  occurred  to  me  upon 
this  fubjed ;  particularly  the  methods  which 
have,  from  time  to  time,  been  communicate4 
of  increafing  the  power  of  eledricity,  by  dif-- 
ferent  circumflances  of  excitation. 

So  early  as  the  year  1751,  upon  occafion 
of  trying  Mr.  Winckler's  experiments,  notice 
is  taken  of  Mr.  Canton's  method  of  rubbing 
tubes  with  filk  prepared  with  linfced  oil. 
Tfaefe  he  had  found,  by  the  experience  of 
fome  coniiderable  time,  to  produce  the 
greateft  effe^  upon  tubes,  but  he  had  not 
found  that  they  were  proportionably  ufeful 
{n  nibbing  globes*. 

Upon  another  occafion,  Mr.  Canton  ob^ 
ferves,  that  by  means  of  this  rubber,  a  folid 
cylinder  of  glafs,  which  had  been  fet  before 
the  fire  till  it  was  quite  dry,  might  be  excited- 
>s  eafily  as  a  glafs  tube,  fo  as  to  ad  like  one 
in  every  refped ;  that  even  the  firft  ftrokc 
V'Ould  make  it  ftrongly  eledrical  -f* 

"  Phil.  Tranf.  abridged.  Vol.  xlvii,  p.  2jQ, 
f   Jfcid.  V*I.^Iv(U.pt,  ii,  p.  784. 
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But  the  greateft  iqiproTement  which  Mr. 
Canton  difcovered  for  incrcafmg  the  power  of 
eledricity,  was  by  rubbing  on  the  cufliion  of 
the  globe,  or  on  the  oiled  filk  rubber  of  the 
tube,  a  fmatl  quantity -of  an  amalgam  of 
mercury  and  tin,  with  3  very  little  chalk  or 
wh'iting.  By  this  means,  a  globe  or  tube 
may  be  excited, to  a  very  great  degree  with 
very  little  friction,  efpecially  if  the  rubber 
be  made  more  damp  or  dry  as  occafion  may 
require  *. 

Mr.  WiLCKE  fays,  that  aglafs  tube  excit- 
ed with  a  woollen  cloth,  on  which  fome 
white  wax  or  oil  has  been  put,  will  throw 
put  flames  with  a  great  noife  in  the  dark-f-. 
Thefe  flames,  he  faysj  he  never  knew  to  be 
thrown  from  a  globe,  except  fometimes  when 
they  were  firft  ufed  J. 

Our  ele^tcal  apparatus  has  been- much 
augmented  within  this  period  by  the  difco- 
very  of  Father  Windelinus  Ammerfin  of  Swit- 
zerland, whio,  in  a  Latin  troatife,  puhUfhed 
atLucern,  ili  the  year  1754,  has  fliewn  us, 
that  wood  properly  dried,  till  it  becomes  very 
brown,  is  a  non-conducior  of  eleflricity. .  He 
recommends  boiling  the  wood  in  linfeed  oil, 
or  covering  it  over  with  varnifh,  after  being 
dried,  to  prevent  any  return  of  moifture.  into 
its  pores ;  and  adds,  that  wood,  fp  treated, 
feems  to  afford  ftronger  appearances  of  elec- 
tricity than  even  glafs.  He  himfelf  made  ufe 
of  common   wooden    meafures,  fuch  as  are 

•  Phil.  TriuC  Vol.  lii.  pt.  ii.  p.  461. 
t  Wikke,  f.  134.  I  ibid.  p.  1x6. 
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ufually  found  in  granaries,  firft'  boiled  in  oil} 
and  afterwards  mounted,  fo  as  to  be  turned 
'by  a  wheel  *. 

,  It  appears  from  the  Philofophical  Tranf- 
a£lions,  fays  Mr  Wilfon,  fo  early  as  the  year 
J747,  that  Dr.  Watfon  having  occafion  to 
fupport  a  long  wire,  in  an  experiment  made 
■  near  Shooter's  Hill,  with  a  view  to  determine' 
the  velocity  of  eleflric  fluid,  ufed  flakes  of 
dry  wood,  which  he  told  him,  were  baked, 
to  prevent  the  elefl:ric  fluid  from  efcaping  in- 
to the  ground  f. 

A  MORE  extraordinary  method  of  procur- 
ing eleSricity  than  by  baked  wood,  was  one 
that  Signior  Beccaria  made  ufe  of.  He  put  9 
dry  and  warm  cat's  ikin  upon  his  glafs  globe, 
and  rubbing  it  with  his  hand,  excited  a  very 
powerful  eletftrity  J. 

These  wooden  cylinder&eleflrlfy  pofitive- 
ly  or  negatively  as  the  rubber  is  (ilk  or  flannel, 
but  much  more  powerfully  when  negative 
than  when  pofitive,  owing  to  the  rough- 
nefs  which  there  generally  is  upon  their  fur- 
faces,  and  therefore  make  an  agreeable  va- 
riety in  an  eleflrical  apparatus.  But  the  oldeft  ^ 
and  mofl:  ufual  method  of  procuring  negative 
eledtricity  was  by  globes,  of  fulphur.  Thefe 
Mr.  Le  Roi  made  by  putting  a  coating  of 
fulphur  upon  a  globe  of  glafs,  and  then 
fmooihing  it  with  an  hot  iron  [  but  Mr.  Nol- 
let  preferred  melting  the  fulphuf  in  the  iniid? 

•  Ph:i.  Ttanr.  Vol.  lii.  pt.  i.  p.  342. 
4   Ibid.  Vol.  It.    pt.'ii.    p.  896. 
t  LtiEtre  deir  Elctmcifma,  p- 5S. 
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ef  the  glafs  globe*  and  then  breaking  the  glafs 
from  off  it}  becau£e  thisinethod  made  a  much 
iSner  poUfti  *, 

One  globe  he  made  of  a  mixture  of  ful- 
phur  and  pounded  glafs,  but  he  found  that  it 
had  the  fame  tffeO.  as  if  it  l^ad  been  all  of 
fulphur.  He  fays  that,  when  one  part  of 
this  globe  v«i8  excited,  the  whole  furface  be- 
came eledrical  f . 

But  fmcc  Mr-  Canton's  difcovery  of  the 
negative  power  of  rough  glafs,  fome  philo- 
fopher.8  haye  made  ufe  of  glafs  globes  made 
rough  by  emery ;  and  the  ufual  method  of 
taking  off  their  poltlh  was  by  rubbing  them 
as  they  turned  upon  their  axis ;  but  Mr. 
Speedier,  a  mathematical  inftrument  maker  at 
Copenhagen,  obferves,  in  his  letters  upon 
the  fubje^  of  ele^ricity,  that  glafs  globes, 
made  rough  by  drawing  the  ftone,  or  emery, 
from  pole  to  pole,  have  a  much  greater  vir- 
tue ;  thii  method  of  taking  off  the  polifli  giv- 
ing them  a  greater  roughnefs  with  refpcA  to 
the  rubber  ^. 

But  a.  better,  and  a  readier  method  than 
all  thefe  of  producing  negative  eleflricity,  is 
by  infulating  the  rubber  of  a  fmooth  globe, 
and  conne^ng  it  with  an  infulated  prime  cout 
duflor,  while  the  common  condudor  hath  a 
communication  with  the  ground;  The  rubber* 
if  well  infulated,  is  fure  to  produce  a  nega- 
tive'elcfaricity,  equal  in  power  to  the  pofitive 
of  the  fame  globe.    Mr.  Dalibard  direfls  a 


•  NoDet's  Letters,    Vol.ii.  p.  lai. 

t  Ibid.  p.  115,  ii;.  I  Wilckc,  p.  S7- 
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great  number  of  precautions,  in  order  to  elec- 
trify well  at  the  xubberi  and  to  prevent  it  - 
from  receiving  any  cleflric  fire  in  its  ftate  of 
infulatioQ  *. 

Mr.  Bergman  of  Upfal,  fays,  that  very 
often,  whenhis  glafs  globes  could  not  be  ex- 
cited to  a  fufficient  degree  of  fttength,  he 
lined  them  with  a  thin  coating  of  itilphur, 
and  that  then  they  gave  a  much  llronger  po- 
fitive  cledricity  than  before  f* 

In  Italy,  and  ether  places,  Mr.  Nollet  in- 
forms us,  it  is  the  cullom  of  eleflricians  to 
put  a  coating  of  pitch,  or  other  refinous  mat- 
ter on  the  infide  of  their  globes,  which  they 
pretend,  makes  them  always  work  well  "I:. 

We  are  obliged  to  the  Abbe  Nollet  for 
fome  obfcrvations  on  the  elciSrical  powers  of 
different  kinds  of  glafs,  in  the  fixth  volume 
of  his  herons  de  phyfique  printed  in  the  year 
1764. 

It  is  not  every  fort  of  glafs,  fay»  he,  that 
is  equally  ele<5)rizable.  There  are  fome  forts 
which  are  not  fo  at  alt,  or  hardly  at  all ;  fuch^ 
for  example,  is  that  of  which  they  make  plates 
of  glafs  at  St.  Gobin  in  Picardy-  I  have  tried 
it,  fays  he,  an  hundred  times,  in  the  form  of 
plates,  tubes,  and  globes,  and  in  all  kinds  of 
weather^  but  have  fcarce  been  ever  able  to 
draw  from  it  the  leaft  fenfible  fign  of 
dc^ricity. 


•  Dalibird's  Prankliti,   p.  110. 

t  Pliil.  Tranf.  Vol.  lit.  pt.  ii.  g.  485. 

1  Lctuc*,  Vol.  it.  p.  ui. 
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■  Thj:  glafs  of  which  panes  for  windows 
^e'  made,  and  which  is  alfo  ufed  for  drink-^ 
iog-glafles,  when  it  is  newly  manufai^ured, 
is  excited  with  great  difficulty,  f  have  often, 
Jays  he,  repeatedly  rubbed  tubes,  and  other 
-pieces,  even  in  the  glafs -houfe  where  they 
Wi^e  ma,de,  but  without  fuccefs ;  and  it  \ia& 
^ot  been  till  after  fome  months,  and  fomCf 
times  years,   that  I  could   bring   them  tp 

It  is  certain,  and  he  fays  he  has  conlUnt^ 
If  ob^nred,  that  glafs  becMnes  more  fit  for 
fsle^ical  experiments  by  force  of  rubbing 
and  th9t  fometimes  it  has  required  (bme 
fnonths  to  bring  globes  and  tubes  to  adl  well. 

He  did  not  think  that  thefe  fads  could  be  "^ 
acocH^nted  for  either  by  the  different  degrees 
of  tranfparency,  or  the  different  colours  of 
glafs.  This,  indeed,  was  evident  from  forae 
gld^s  acquiring  eledricity  from  ufe  whidi 
had  it  not  originally.  The  glafs  of  which 
bottles  are  made  at  Severs  feirved  him  very 
well,,  whejreas  globes  of  white  glafs  ()id  not 
become  tolerable  till  alter  having  been  ufed  a 
certain  time. 

Hb  could  not  tell  pofitively  why  certain 
kinds  of  glafs  vrere  eled;rizable  or  not  by 
/ubbing,  but  he  fufpe£ted,  that  it  was  prin- 
cipally owing  to  the  degree  of  its  hardnefs 
and  vitriiication.  He  was  induced  totbinklb, 
becaufe  he  foqnd  that  the  glafs  at  the  Frendi 
manufaaory  at  St.  Gobin,  and  at  Qierbourg 
(the  hardeft,  the  moft  compa»ft,  and  the  bell 
Tilrified  of  aU  the  kinds  of  glafs  in  France) 

was 
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was  the  moft  difficult  to  be  eleSrized ;  wherfr* 
as  the  cryftal  glafs  of  England,  that  of  Bo- 
hemia, &a  which  are  much  fofter,  wertf 
the  beft  of  all  for  experiments  in  eledtricity. 
He  fays,  moreover,  that  he  had  procured 
imperfect  glafles,  which  had  not  been  long 
enough  in  the  furniace  to  be  clear ;  and  that, 
■though  they  were  of  the  fame  compofition  as 
plates  of  glafs,  which,  h&  bbferved  beforej 
were  not  eafily  eleftrized,  yet  that  thcfe  were 
-excited  very  fenfibly. 

■  He  fays  that  a  globe  of  ten  or  twelve 
inches  diameter,  and  which  mates  about  four 
jevolutions  in  a  fecond  of  time,  will  receive  a 
convenient  rubbing;  but  that  we  muft  not 
expeft  that  if  the  globe  be  one  half,  or  ontf 
fourth  part,  greater  or  lefs,  the  effefts  will  he 
increafedor  diminifiied  in  proportion*. 

Upon  the  fubjeA  of  infulating  bodies,  he 
:Obferves,  that  when  the  cakes  of  fulphut, 
refin,  fealing-wax,  and  bees-wax  are  made 
ufe  of  for  this  purpofe,  they  ought  to  be  well 
-cooled  before  they  are  ufed :  for,  he  fays,  he 
hasconftantly  oblerved,  that  when  they  are 
newly  made,  they  are  not  fo  proper  to  infur- 
iate bodies,  as  they  generally  are  at  the  end 
of  fome  months  f. 

It  will  be  proper,  under  this  head,  to  ad-" 
quaint  young  electricians,  that  globes  haye 
been  feveral  times  known  to  burft  during  the 
ii£k.  of  excitation,  and  that  the  iragments  have 
been  thrown  with  great  violence  in  every  di- 

•  Lr(oni  de  Phyriijiic,  Vol.  vi.  p.  273 — 276. 
f  Ibid.  p.  199. 
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reflion,  fo  as  to  be  "t'et-y  dangefous  for  the 
by-ftanders.  This  accident  happened  to  Mr. 
Sabatelli  in  Italy,  Mr.  Nollet  in  France,  Mr. 
£eraud  at  Lyons,  Mr.  Boze  at  Wittemburgb, 
Mr.  Le  Cat  at  Rouen,  and  Mr.  Robein  at 
Rcnnes. 

The  air  in  the  infide  of  Mr.  Sabatelli's  globe 
had  no  communication  with  the  esternul  air, 
but'  that  of  the  Abbe  Nollet  had.  ■  This  laft, 
•  which  was  of  Englifh  '^^flint,  which  had  been 
Ufed  two  years,  and.V'iiich  was  more  than  a 
line  thick,  burft  tike  abomb  in  thehands  of 
a  fervant  who  was  rabbing  itj  aiid  the  frag^ 
mcnts  (the  largeft  of  which  were-  riot'morc 
than  an  iiich  in  diameter)  were  difperfed  on 
all  fide«i  tO'  a  confidetable  diftancc.  The 
Abb^'  fays,  that  all  the  globes  which  were 
burft  in  that  manner  exploded  after  five  or  fix 
turns  of  thcwheel;  and  he  afcribeSthts cfFci5t 
to  the  atftion  of  the  eledlric  matter,  making 
the  particles  of  the  glafs  vibrate  ina  manne^ 
he  could  not  conceive*.  ■       '■ 

When  Mr.  Beraud*8  globe  bnrfl  (and  he 
was  theiirft  to  whom  this  accident  was  ev«r 
known  to  happen)  he  was  making;  fome  ex- 
periments in  the  dark,  on  the  8th  of  Febru- 
ary i75o>(  when  a  noife  was  firft  heard,  as 
,offomethiog  rending  to  pieces;  thfcn follow- 
ed the  exploiion,  and  when  the  lights  were 
brought  in,-  it  was  obferved,  that  thofe  places 
of  the  floor  which  were  oppofite  to  tlie  equa- 
torial diameter  of  the  globe  were  ftrew^d  with 

•  Nfillet'i  Letten.'Vol.  i.  p.  19. 
',  f mailer 
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fmailer  pieces,  aad  in  greater  numbers  thatt 
thofe  which  ^ere  oppoiite  to  oth«-  parts  of 
it.  This  globe  had  been  cracked,  but  it  had 
been  in  conftant  ufe  in  that  ftate  above  a  year, 
and  the  cfack  had  extended  itfelf  from  the 
pole  to  the  equator.  The  proprietor  afcribed 
the  accident  to  the  vibration  m  the  particles 
of  the  glafa,  and  thought  that  the  crack  ba4 
fome  way  impeded  thofe  vibrations  "»< 

When  Mr.  Boze*s  globe  broke,  he  fays 
that  the  whole  of  it  appeared  in  the  a&  of 
breaking,  like  a  flaming  coal;  a  circutnilance 
which  we  fliaU  fee  accounted  for  henafter  by 
Mr.WUckcf- 

Mr.  Bot;LAN6ER  fays,  that  glafs  globes, 
have  fometimet  buril  like  bombs,  and  have 
wounded  many  perfons,  and  that  their  frag- 
ments have  even  penetrated  feveral  inches  in- 
to a  wall  X.  He  alfo  lays,  that  if  globes 
burftjn  whirling  by  the  gun-barrel*s  touch- 
ing them,  they  burll  with  the  fame  Yiolence* 
the  fplinters  often  entering  into  the  wall  §. 

The  Abb^  Nollet  had  a  globe  of  fulphur 
which  alfo  burfi,  as  he  was  rubbing  it  with 
his  naked  hands,  after  two  or  three  turns  of 
the  wheel,  having  firft  cracked  inwardly.  It 
'  broke  into  very  fmall  pieces,  which  flew  to  a 
great  diflance ;  and  into  a  fine  dull,  of  which 
part  flew  againfl  his  naked  breafl ;  where  it 
entered  the  flcin  fo  deep,  that  it  could  not  be 
got  off  without  the  edge  of  a  knife  ||t 

"   HiAtMre,  p.  87.  t  Vilcke,  p.  114. 

I  BquUnger.  p.  13.  f   ibid.  p.  144. 
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S  E  C  T  i  O  N    ir. 
Observations  ON  THE  coNDCUTiNG  Power 

OF  VARIOUS  SUBSTANCES,  AND  PAR- 
TICULARLY Mr.  ■  CANTON'S  .EXPERI- 
MENTS ON  air;  and  Signior  BECCA-. 
RIA'S  ON  AIR,  andwater. 

ONB  of  the  principal  defideratn  in  the 
fcienoe  of  elcftricity,  is  to  afcertain  . 
wherein  confifts  the  diftinflion  between  thofe 
bodies  which  are  conductors,  and  thofe  which 
are  non-condudors  q£  the  eleftric  fluid.  All 
that  has  been  done  relating  to  this  queflion, 
till  the  prefent  time,  amounts  to  nothing 
more  than  obfervations,  how  near  thefe  two 
clafies  of  bodies  approach  one  another  j  and 
before  the  period  of  which  I  am  now  treat- 
ing, thefe  obfervations  were  few,  general, 
and  fuperficial.  But  1  {hall  now  prefent  my 
reader  with  feveral  very  curious  and  accurate 
experiments,  which,  though  they  do  not 
give  us  intire  fatisfa3ion  with  refpeift  to  the 
great  deftderatum  above  mentioned ;  yet  throw 
fome  light  upon  the  fubjeft.  They  fliow 
that  fubftances  which  had  been  confidered  as 
perfe^  conductors,-  or  non-condudiors,  arc 
fo  only  to  a  certain  degree ;,  and  that,  pro- 
bably, all  the  known  parts  of  nature  have, 
in  fome  meafure,  the  properties  of  both. 

Thess    experiments  were  made  by  two 

perfons^'  whom,    in  the  ftyle  of  biftory,  I 
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may  juftly  call  two  of  the  greateft  heroes  of 
this  part  of  my  work,  viz  Mr.  Canton, 
whofe  difcoveries  in  eledricity  are  far  more 
numerous,  and  more  confiderable  than  thofe 
of  any  other  perfon,  within  this  period,  in 
England;  and  Signior  BtccARiA,  one  of 
the  moft  eminent  of  all  the  eledricians  a- 
broad. 

That  air  was  capable  of  receivings  elec- 
\  tricity  by  communication,  and  of  retaining  it 
when  'received,  had  not  been  difcofered  b/ 
any  perfon  before  Mr.  Canton ;  but,  by  the 
■  help  of  one  of  his  exquifite  contrivances,  he 
was  able  p  afcertain  that  delicate  circumftance> 
and  even  meafure  the  degree  of  it,  if  it  was  ia 
the  leaft  confiderable. 

He  got  a  pair  of  balls,  turned  in  a  lathe^ ' 
out  of  the  dry  pith  of  eider.  Thefe  he  put 
into  a  narrow  box,  with  a  Aiding  cover,, 
fo  difpofed  that  the  threads  {which  were  of  the 
fined  linen)  were  kept  ftraight  in  the  box. 
Holding  this  box  by  the  extremity  of  the 
cover,  the  balls  would  hang  freely  from  a  pin 
in  the  infide.  Thefe  balls  hung  at  a  fufficient 
diilance  -  from  buildings,  trees,  &c.  eafily 
fliovv  the  ele£tricity  of  the  atmofphere.  They 
alfo  determine  whether  the  eleftricity  of  the 
clouds  and  the  air  be  pofitive,  by  the  decreafe; 
or  negative,  by  the  increafe  of  their  repul- 
fion,  at  the  approach  of  excited  amber  or 
fealing-wax. 

■  Bv  the  help  of  this  inftrument,  he  ob- 
ferved,  that  it  was  poffible  to  ele^ify  the 
air  of  a  room  near  the  apparatus ;  and  even 

the 
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the  air  of  the  whole  room  in  which  it  was,  to 
a  coiifiderable  degree,  and  he  was  able  to  do 
it  both  pofitively  and  negatively. 

In  a  paper  read  at  the  Royal  Society,  De- 
cember the  6th,  1753,  he'obferves,  that  the 
isommon  sir  of  a  room  might  be  eletiirified  to 
^  confiderable  degree,  fo  as  not  to  part  with 
its  feleCtricity  for  fome  time.  Having  reflder- 
,ed  the  air  of  his  room  very  dry,  by  means  c£ 
a  fire,  he  eleiEb'ified  a  tin  tiibe  (n^ith  a  pait  of 
baiUs  fufpended  at  one  of  its  extremities)  to  a 
great  degree ;  when  it  appeared,  that .  the 
neighbouring  lur  was  Ukewife  eleftrified.  For*, 
having  touched  thetube  with  his  finger,  or  any 
other  condudor,  the  balls,  notwithftanding, 
continued  to  ifep^l  one  another,  though  not 
at  fo  great  a  diftance  as  before'*.  But  he  ob- 
ferves  that  their  rcpulfion  would  decfeafe  as 
they  were  moved  towards  the  floor,  wainfcot, 
or  any  of  the  furniture ;  and  that  they  would 
touch  each  other  when  brought  within  a  fmall 
diftance  of  any  conduflor.  Some  degree  of 
this  ele£lric  power,  he  has  known  to  con- 
tinue in  the  air  above  an  hour  after  the  rub- 
bing of  the  tube,  when  the  weather  had  been 
very  dry. 

To  ele£lrify  die  air,  or  the  moiflure  con- 
tained in  it,  negatively,  Mr.  Canton  fupport* 
ed,  by  filfc  ftretched  between  two  chairs  (plac- 
,  ed  back  to  back,  at  the  difl:ance  of  about  three 
feet],  a  tin  tube  with  a  fine  fewing  needle  at 

f  PkU.  Tranr.  Vol.  zlix.  pt.  i.  p.  }09. 
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one  end  of  it ;  and  rubbed  fulphur,  fealing- 
wax,  or  a  rough  glafs  tube  as  near  a$  be 
could  to  the  other  end*  for  three  or  four  mU 
nutes ;  after  which  he  found  the  air  to  be  se- 
gativelyeledrical,  and  that  it  would  continue, 
io  a  confiderable  time  after  the  apparatus  wa», 
removed  into  another  room  *. 

In  a  paper  dated  November  the  i  itb,  1754* 
he  fays,  that  dry  air,  at  a  great  diftanc?  from- 
the  earth,  if  in  an  eleflxic  ftate,  will  con- 
tinue fo  till  it  meets  with  feme  conduflor,  is 
probable  from  the  following  experiment.  An 
excited  glafs  tube,  with  its  natural  poliiht  b&- 
ing  placed  upright  in  the  middle  of  a  rooni 
(by  putting  one  end  of  it  into  an  hole,  made 
for  that  purpofe,  in  a  block  oJF  wood)  would, 
generally,  lofe  its  ele£tricity  in  lefs  than  five 
minutes,  by  attra^ng  to  it  a  fuffictent  quan- 
tity of  moifture,  to  condud  the  ele&rlc  fluid 
from  all  parts  of  its  furface  to  the  floor ;  but 
if,  immediately  after  it  was  excited,  it  was 
placed,  in  the  fame  manner,  before  a  good 
fire,  at  the  diftance  of  about  two  feet,  where  ^ 
'  no  moifture  would  adhere  to  its  furface,  it 
would  continue  ele^rical  a  whole  day,  and 
how  much  longer  he  knew  not  f , 

Since  the  publication  of  the  &&.  edition 
of  this  work,  Mr.  Canton  has  hit  upon  an- 
other, much  readier,  and  more  powerful  me- 
thod of  communicating  elcflricity  to  the  air 
than  that  defcribed  above.     This  he  giv? s  me 

*  Phil.  Tiaaf.  Vol.  xlviii,  pt.  ij.  p.  784.  t  Ibid. 
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'  leave  to  publiifa,  and  It  appears  to  me  to  be 
of  fuch  a  nature,  as  that  it  may  very  poffibly 
lead  to  farther  difcoveries  concerning  the 
ele&ictty  of  the  atmoiphere,  and  the  pheno- 
mena depending  upon  it.  **  Take,"  fays  he, 
«*  a  charged  phial  in  one  hand,  and  a  Ughted 
**  candle*  infulated,  in  (he  other ;  and,  going 
«*  into  any  room,  bring  the  wire  of  the  phial 
**  very  near  to  the  flame  of  the  candle,  and 
**  hcdd  it  there  about  half  a  minute :  then 
•*  carry  the  phial  and  candle  out  of  the  room, 
**  and  return  with  the  pith  balls,  fufpended, 
**  and  held  at  arm's  length.  Tl^e  balls  will 
«*  begin  to  feparate  on  entering  the  room, 
**  and  will  ftand  an  inch  and  half,  or  two 
•*  inches  a  part,  when  brought  ^e&^  the 
«  middle  of  it." 

SiGNioR  Beccaria,  who  had  no  know- 
ledge of  what  Mr.  Canton  had  done,  made 
the  fame  difcovery  of  the  communication  of 
cleftricity  to  the  air,  and  diverfified  the  ex* 
periment  in  a  much  more  pleafmg  and  fatif- 
Jaftory  manner.  He  proves,  that  the  air, 
which  is  contiguous  to  an  electrified  body, 
acquires,  by  degrees,  the  fame  eleSricity ; 
that  this  eleftricity  of  the  air  counterafls  that 
of  the  body,  and  leflens  its  effpiis,  and  that 
as  the  air  acquires,  fo  it  alfo  parts  with  this 
electricity  very  flowly. 

He  began  his  experiments  by  hanging 
linen  threads  upon  an  electrified  chain,  and 
obferving,  that  they  diverged  the  moft  after 
a  few  turns  of  his  globe.  After  that,  they 
came  nearer  together,  notwithftanding  he 
^3       ^„tep 
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kept  turning  the  globe  and.  the  excitation  waa 
as  powerful  as  ever  *. 

When  he  had  kept  the  chain  ele^rified  a 
confiderable  time,  and  then  difcontinued  the 
fri^ioii,  the  threads  coUapfed  by  degrees,  till 
they  hung  parallel.  After  this,  they  began 
to  diverge  again,  without  any  frelh  eleflrifi- 
cation;  and,  if  the  air  was  ftill,  this  fecond 
divergence  would  continue  an  hour,  or 
more. 

This  divergence  was  leffened  fay  the  elec- 
trification of  the  chain.  For  if  the  globe  was 
turned  again,  the  threads  would  iirft  become 
parallel}  and  then  begin  to  diverge  again  as 
before.  Thus  the  fecond  divergence  of  the 
threads  took  place,  when  the  chain  was  de- 
prived of  its  electricity,  and  when  that 
which  the  air  had  acquired  began  to  fbovr 
itfelf. 

While  the  threads  w?re  beginning  to  di- 
vergavith  the  elcQricity  of  the  air,  if  h^ 
touchfed  the  chain,  and  thereby  took  off  wha^ 
remained  of  its  ele^ricity,  the  threads  would 
feparate  farther.  Thus  the  more  the  eledtricity 
of  the  chain  was  leffened,  the  more  did  th^ 
eledricityof  the  air  appear. 

While  the  threads  were  in  their  fecond  di- 
vergence, he  hung  two  other  threads,  fhorter 
thari  the  former,  by  another  filk  thread  to  th^ 
chain;  and  when  all  the  eleftricity  of  the, 
chain  was  taken  quite  away,  they  would  fepa- 
rate»  like  the  former  threads.' 

*  Leticie  dell'  Elettricifino,  p.  S7. 
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If  he  prefeiitc4  other  threads  to  the  for- 
mer, in  their  fecond  divergence,  they  would 
all  avoid  one  another  *. 

In  this  complete  and  elegant  manner  did 
Sigtuor  Beccaria  demonftrate,  that  air  aduaily 
receives  eledricity  by  communication,  and 
lofe8  it  by  degrees  ;  and  that  the  electricity  of 
the  air  counteradls  that  of  the  body  which 
conveys  deSricity  to  it. 

giQNipR  PisccARiAalfo  made  a  Variety  of 
other  experiments,  which  demonftrate  other 
mutual  affe^ons  of  the  air  and  the  elcftric 
fluid;  particularly  feme  that  prove  their  mu- 
tual repulfion;  and  that  the  de>5)ric  fluid,  in 
paffing  through  any  portion  of  air,  makes  a 
temporary  vacuum. 

He  brought  the  ends  of  two  wires  within 
a  fmall  diftance  of  one  another,  in  a  glafs 
tube,  one  end  of  which  was  clofed,  and  the 
other  immerged  in  water ;  and  obferved,  that 
the  water  funk  in  the  tube,  every  time  that  a 
fyark  pafled  from  the  one  to  the  other,  the 
ele6lric  fluid  having  repelled  the  air  -f-. 

He  made  the  eledric  exploilon  a  great 
number  of  times,  in  the  fame  air,  inclofed  in 
a  glafs'  tube,  in  order  to  af(vrtain  whether 
the  elafticity  of  the  air  was  affeded  by  it ;  but 
he  could  not  find  any  alteration.  After  the 
operation,  he  broke  the  tube  under  water,  but 
neither  did  any  air  make  its  efcape,  nor  any 
crater  force  its  way  into  the  tube.    The  expe- 

*  Lcttere  dell*  Eleitrtcirme,  p.  90. 

f  ^liuricHao  irlificiale  e  natarale,  p.  110. 
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riment  was  made  with  all  the  precaution,  witlx 
refpeft  to  heat  and  cold,  that  the  nature  of 
the  cafe  required*. 

S:gkior  Bf.ccaria*s  experiments  on  wa-t 
ter^  Hiowing  its  imperfeiflion  as  a  conduflor, 
are  more  furprifing  than  thofe  he  made  upoi^ 
air,  fliowing  its  imperfeflion  in  the  contrary 
refpeft.  They  prove  that  water  conduda 
electricity  according  to  its  quantity,  and  that 
a  fmali  quantity  of  water  m9kes  a  very- 
great  refiftance  to  the  paffage  of  the  eledriij 
.  fluid. 

He  made  tubes,  full  of  water,  part  of  th? 
elcftric  circuit,  and  obferved,  that  when  they 
were  very  fmall,  they  would  not  tranfmit  a 
fliock,  but  that  the  ftiock  increafed  as  wider- 
tubes  were  ufed  \. 

But  what  aftonilhes  us  moll  in  Signior 
Beccaria's  experiments  with  water,  is  his 
making  the  eledlric  fpark  vifible  in  it,  not- 
withftanding  its  being  a  real  conduflor  of  elec- 
tricity; Nothing,  however,  can  prove  more 
clearly  how  imperfed  a  conduGor  it  is. 

JIe  ihferted  wires,  fp  as  nearly  to  meet,  in 
fmall  tubes  filled  with  water;  and,  difcharg- 
ing  {hocks  through  them,  the  electric  fpark 
was  yifibic  between  their  points,  as  if  no  wa- 
ter had  been  in  the  place.  The  tubes  were 
generally  broken  to  pieces,  and  the  frag- 
ments driven  to  a  confiderable  diftanoc.  This 
was  evidently  occafioned  by  the  repulfion  of 
the  water,  and  its  incomprefnbility,  it  not 

'  Etettricifmo  trdficiale  e  oacurale,  p.  Si. 
f  Ibid.  p.  113. 
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being  able  to  give  way  far  enough  within  it- 
fclf,  and  the  force  with  which  it  was  repell-* 
ed  being  very  great  *. 

The  force  with  which  fmall  quantities  of 
water  are  thus  repelled  by  the  eleitric  fluid, 
he  fays,  is  prodigious.  By  means  of  a  charge 
pf  four  hundred  fquare  inches,  he  broke  a 
glafs  tube  two  lines  thick,  when  the  pieces 
were  driven  to  the  diftance  of  twenty  feet. 
Nay  he  fometimes  broke  tubes  eight  or  ten 
lines  thick,  and  the  fragments  were  driven  to 
greater  diflances  in  proportion  -f-. 

He  foynd  the  effe£l  of  the  eledric  fparfc 
upon  water  greater  than  the  effe^  of  a  fpark 
pf  common  fire  on  gunpowder ;  and  fays  he 
does  not  doubt,  but  that,  if  a  method  could 
be  found  of  managing  them  equally  well,  a 
cannon  charged  with  water  would  be  more 
dreadful  than  one  charged  with  gunpowder. 
He  a^ually  charged  a  glafs  tub,e  with  water, 
^nd  put  a  imall  ball  into  it,  when  it  was  dif- 
charged  with  great  force,  fo  as  to  bury  it- 
ielf  in  fome  clay  which  he  placed  to  re- 
ceive it  X' 

This  refinance  which  fmall  quantities  of 
water  make  to  the  ele^ric  matter,  he  ima- 
gined, was  greater  than  the  refiftance  made 
to  it  by  air  §.    And  yet  he  thought  it  was 

•  Elettridrino  utificiile  e  naturalei  p.  1 1^.. 

t  Lettrc  dell'  elettricifmo,  p.  74.  , 

t  Ibid.  p.  7;,  76.  Mr.  LuLLiK  fajri,  he  produced  miiek 
greater  effeftt  than  there,  by  making  the  eledric  fpark  vifible 
ID  til  inllead  of  wicer.  Oil  being  a  macb  worfe  condudor,  the 
fpark  in  it  would  be  larger.     Diflenatio  Ph^fica,  p.  16. 

i  Elettricilino  aru£cialct  &;c.  p.  1 15. 
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poflible,  that,  in  this  cafe*  the  elei^tric  mat- 
ter might  not  adl  upon  the  water  immediate- 
Ijf  but  upon  the  fixed  air  that  was  in  it.  For 
when  the  tubes  were  not  broken,  he  obferved 
that  a  great  number  of  air  bubbles  were  let 
loofe,  through  the  whole  mafs  of  the  water, 
rofe  to  the  top,  and  mixed  with  the  common 
atmofphere  *. 

He  alfo  imagined  that  the  electric  fluid 
aded  upon  the  fixed  air  in  all  bodies,  though 
no  experiment  could  make  it  fenfible  f. 

On  the  contrary,  he  fuppofed  that  the  ac- 
tion of  the  eledlric  matter  tended  to  fix  elaftic 
air,  hj  exciting  a  fulphureous  matter,  which. 
Dr.  Hales  fliowsto  have  that  property  J.  But 
the  experiment  above-mentioned,  of  the  elec- 
.  trie  fpark  taken  in  a  clofed  tube,  doth  not, 
fevour  this  fuppofition. 

yTHEN  a  finall  drop  of  water  was  put  be- 
tween the  points  of  two  wires,  and  a  large 
fiiock  pafTed  through  them,  the  water  was 
equally  difperfed  on  the  infide  of  a  glafs 
ijphere,  iA  which  they  were  al!  inclofed.  In. 
the  fame  manner,  he  conjedures^  that  the  ao* 
tion  of  the  ele£lric  matter  promotes  the  eva- 
poration of  water  §. 

Discharging  a  fhock  through  a  quantity 
of  water,  poured  on  a  flat  furface,  where  foma 
parts  of  the  circuit  were  purpofely  left  almoft 
dry ;  thofe  parts  became  quite  dry  fooner  than 
they  would  h^v^  been,  if  ao  fhock  had  pa0ed 
through  them  H- 

*  Elettncifmo  irtificiale,  tic,  p,  ij6.  f  Ibid.  p.  8]. 
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Upon  this  principle  he  account*  for  the 
fuppofed  burfting  of  the  blood  veffels  in  fmall 
birds  killed  by  the  eledric  fliock*,  An4 
when  a  mufcic  contrafts  by  the  fliock,  he 
fuppofes  it  is  owing  to  the  dilatation  of  the 
fluids  their  fibres  contain,  as  the  f  leiflric  mat- 
ter palTea  through  them. 

So  imperfedl  a  cqnduftor  of  ele^ricity  \^ 
mere  water,  that,  he  thought,  a  green  leaf 
conduded  a  Oiock  better  than  anr  equal  thicks 
nefs  of  water  f.  If  this  be  true,  and  veget- 
able fluids  conduA  eledricity  better  than  wa-? 
ter,  it  will  confirm  a  conjeflure  which  Dr^ 
Franklin  told  me  he  had  drawn  from  fome 
experiments  that  he  had  not  properly  purfued, 
Tiz.  that  animal  fluids  conduited  ele^ricity 
better  than  water.  He  tried  milk  many  year» 
ago;  and  Mr.  Kinnerfley,  and  others  ia 
America,  fiaye  fince  tried  blood  and  urine» 
andalfo  the  flnews  of  animals  newly  killed; 
and  they  were  all  found  to  be  exceedingly 
good  condu^ors,  remarkably  better'  than 
water.  '  " 

SioNioR  Beccaria  alfo  found,  that  even 
metal  yns  not  a  perfeft  conduAor  of  elec- 
tricity, but  made  fome  refiftance  to  the  paf- 
fege  of  the  eleSric  fluid.  This  he  afcertiin- 
ed,  by  meafuring  the  time  that  it  was  retard- 
ed, in  its  palling  •  through  long  and  fmall 
wires,  notwithftanding  the  experiments  which 
had  been  made  before,  that  feemed  to  prove 
the  contrary. 

*  Qettridfinoaniliciale,  &c  p.  128.       f  Ibid.  p.  135. 
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He  fufpended  a  wire  of  five  hundred  Paris 
feet,  in  a  large  buildingj  and>  by  means  of  a 
pendulum  which  vibrated  half  feconds,  ob- 
fervedt  that  light  bodies  placed  under  a  ball 
pf  gilt  paper,  at  one  end,  did  not  move,  till, 
at  leaft,  one  vibration  of  this  pendulum,  after 
he  had  applied  the  wire  of  a  charged  phial  to 
the  other. 

Trying  the  lame  with  a  hempen  cord,  he 
could  count  fix,  or  more  vibrations  before 
they  would  ftir;  but  when  he  had  wetted 
the  cord,  they  were  moved  after  two  or  three 
vibrations*.  He  does  not,  however,  abfo- 
lutely  fay  that,  the  eleftric  fluid  muft  have 
taken  up  all  this  time  in  its  progrefs,  as  it 
might  require  a  certain  quantity  of  the  fluid, 
before  it  could  r^ife  the  light  bodies.  But  he 
did  imagine,  that  it  moved  with  more  velo- 
city, in  proportion  as  the  bodies  Into  which 
it  paffed  had  more  or  lefs  of  the  fluid  before  f. 
And  he  was  confirmed  in  this  opinion  by  fe- 
veral  phenomena  of  the  atmofphere,  which 
will  be  related  in  their  proper  place,  particu- 
larly by  feeing,  very  evidently,  the  progrefs  of 
a  quantity  of  dedric  matter  in  the  air,  as  it 
advanced  to  ftrike  his  kite. 

To  thefe  experiments  of  Signior  Beccaria 
on  the  conducing  powers  of  air  and  water,  I 
ftiall  fubjoin  another  curious  fet  of  the  fame 
author,  fhowing  the  manner  in  which  thp 
fmoke  of  rofin  and  of  colophonia  is  afl^e  ^- 
ed    by    the    approach    of     an    electrified 

*  Elettncifmo  aniGciale,  &c.  p.  51.  f  Ibid. 
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body*  a$  they  have  a  very  near  affinity  to 
this  fubjea. 

Repeating  Dr.  Franklin's  experiments 
to  make  eleSric  atmofpheres  vifible  with  the 
liime  of  colophonia,  which  he  preferred,  for 
this  purpofe,  to  rofin;  he  obfcrved  feveral 
curious  circumftances,  which  had  efcaped  the 
notice  of  that  ingenious  philofopher. 

He  heated  the  colophonia  on  a  coal,  which 
he  held  in  a  fpoon  under  an  ele^rified  cube 
of  metal ;  and  obferved,  that  when  part  of 
the  fmoke  afcended  to  the  cube,  another  part 
covered  the  handle  of  the  fppon,  and  fprcad , 
to  his  hand  *. 

The  fmoke  lay  higher  on  the  flat  parts  of 
the  cube  than  on  the  edges,  and  corners. 

If  a  fpark  was  taken  &om  the  condudor, 
the  fmoke  was  thrown  into  an  agitation,  but 
prefently  refumed  its  former  fituation. 

The  cube  with  its  atmofphere  gave  larger, 
and  longer  fparks,  than  a  cube  not  furround- 
edwith  <»ie. 
A  LARGER  fpark  might  be  taken  from  it 
■   by  the  fpoon,  than  by  any  other  body. 

Havino  infulated  the  fpoon,  he  obferved, 
that  hardly  any  oi  the  fmok^  went  to  the 
cube;  and  that  what  happened  to  go  near 
it  was  not  afie^ed  by  it,  any  more  than  it 
would  have'  been-  by  any  other  body.  He 
put  his  finger  to  the  fpopn,  and  the  fwrner 
phenomena  returned.    Taking  it  off  again, 

*  EkttitcUino  irtlficiale,  p.  7s. 
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the  fmoke  that  had  fettled-  oo  the  cube  &iod' 

difperfed  *. 

Under  this  head  of  rfie  eleaticity  of  vari- 
ous fubftances,  it  will  not  be  improper  to 
mention  an  experiment  made  by  Mr.  Henry 
Eeles  of  Lifmore  inlreland,  which, he  thought, 
proved  that  fteam,  and  exhalations  ojf  all 
kinds,  are  ele<^rical.  The  paper  containing 
this  account  was  read  at  the  Royal  Sooietyy 
April,  the  23d,  1755. 

He  eledlrified  a  piece  of  dowii,  fufpended 
on  the  middle  of  a  long  filk  ftring,  and  made . 
fteam  and  fmoke  of  feveral  kinds  pafs  tmder 
it,  and  through  it ;  and  obferved,  that  it^  elec- 
tricity was  not  in  the  leaft  diminiihed,  as  he 
thought  it  would  have  been,  if  the  vapour 
had  been  non-electric,  and  confequently  had 
taken  away  with  it  part  of  the  eleftric  mat- 
ter with  which  the  down  was  loaded;  He 
obferved  that  the  eScQ.  was  the  fame,  whether 
the  down  was  electrified  with  glafs  or  wax* 
which  he  thought  was  not  eafy  to  be  account- 
ed forf.      ■      '  ■  , 

To  this  experiment  Dr.  Darwin  of  Utch- ! 
field,  in  a  letter  addrefied  to  the  Royal  So- 
ciety, and  read  May  the  5th,  1757,  anfwera; 
that  many  ele£trified  bodies,  and  particularly 
;  all  light,  dry,  animal,  and  vegetable  fub- 
ftances, will  not  cafily  part  with  their  elec- 
tricity, though  they  be  touched,  for  a  confi- 
derable  time,  with  condu&ors.    He  touched 


*  Elettricirmo  aniGciyle,  p.  yj,  74, 
t  Phil.  Tianf.  Vol.  ilix.  pt,  i.  p.  IJ3. 
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a  feather,  electrified  like  that  of  Mr.  Eeles, 
nine  .times  with  his  fiDger,.and  Ailt  found  it 
dedrified.  A  cork  b^l  was  touched  feven 
times  in  tenfeconds  before  it  was  exhaufted*. 

Mr.  Kinnerslst  of  Philadelphia,  in  a 
letter  dated  March  lySi,  informs  his  friend 
and  correfpondent  Dr.  Franklin,  then  in 
England,  that  he  could  not  electrify  any 
thing  by  means  oi  fieam  from  ele£lrified  boil- 
ing water ;  from  whence  he  concluded,  that, 
contrary  to  what  had  been  before  fuppofed 
by  himfelf  and  his  friend,  fteam  was  fo  far 
from  rifing  eledrified,  that  it  left  its  flaare  of 
common  ele^idty  behind  f . 

To  try  the  effefls  of  eledlricity  upon  air» 
Mr.  Kinnerfley  contrived  an  excellent  inftru- 
ment,  which  he  calls  an  eUEirkal  air  thermo~ 
meter.  It  confilled  of  a  glafs  tube,  about 
eleven  inches  long,  and  one  inch  in  diame- 
ter, made  air  tight,  clofed  with  brafs  caps  at 
each  end,  and  a  fmall  tube,  open  at  both 
ends,  let  down  tlirough  the  upper  plate,  into 
fome  water  at  the  bottom  of  the  wider  tube. 
Within  this  vcflel  he  placed  two  wires,  one 
defcending  from  the  brafs  cap  at  the  upper 
end,  and  the  other  afcending  from  the  brafs 
cap  at  the  lower  end ;  through  which  he  could 
difcharge  a  jar,  or  tranfmit  a  fpark,  &c.  and 
at  the  ^me  time  fee  the  expanllon  of  the  air 
in  the  veffel,  by  the  rife  of  the  water,  in  the 
fmali  tube.  With  this  inftrument  he  made 
the  fbllowing  experiments,  related  io  a  kt- 


•  PMl.  Tanf  Vol.  1.  pt.  i.  p.jjs, 

i  i\Ai.  v.i  liii.  pt.  i.  p.  84. 
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tertoDr.  Franklin,  dated  March  the  12th. 
1761. 

He  fet  the  thermometer  on  an  electric  ftand, 
with  the  chain  fixed  to  the  prime  conduftor,' 
and  kept  it  well  electrified  aconfiderable  time; 
but  this  produced  no  confiderable  effeffc : 
from  whence  he  inferred,  that  the  eleftric 
fire,  when  in  a  ftate  of  reft,  bad  no  more 
beat  than  the  air,  and  other  matter  wherein 
it  refides. 

When  the  two  wires  within  the  veflel 
were  in  contad,  a  large  charge  of  eledricity, 
from  above  thirty  fquare  feet  of  coated  glafs, 
produced  no  rarefa^on  in  the  air ;  which, 
ihowed,  that  the  wires  were  not  heated  by 
the  fire  paifing  through  them. 

When  the  wires  were  about  two  inches 
afunder,  the  charge  of  a  three  pint  bottle^ 
darting  from  one  to  the  other,  rarefied  the 
air  very  evidently;  which  ihewed,  that  the 
electric  fire  produced  heat  in  itfelf,  as  Mr. 
Kinneriley  lays,  as  well  as  in  the  air,  by  its 
rapid  motion. 

.  The  charge  of  a  jar  which  contained  about 
five  gallons  and  a  half,  darting  from  wire  to  ^ 
wire,  would  caufe  a  prodigious  expanfion  in 
the  airj  and  the  charge  of  his  battery  of 
thirty  fquare  feet  of  coated  glafs  would  raife 
the  water  in  the  fmall  tube  quite  to  the  top. 
Upon  the  coalefcing  of  the  air,  the  column  of 
water.,  by  its  gravity,  inftantly  fubiided,  till 
it  was  in  equilibrio  with  the  rarified  air.  It 
then  gradually  defcended,  as  the  air  cooled, 
ftnd  fettled  where  it  ftood  before.  By  care-  ' 
fiUIy 
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fflUy  obferving  at  what  height  the  dcfcending 
water  firft  ftopped,  the  degree  of  rarefaflion, 
he  fays,  might  be  difcovered,  which,  in  great 
expiofions,  was  very  cbnfiderable. 

It  is  obvious  to  remark,  that  the  firfl  fud- 
den  rife  of  the  water  of  Mr.  Kinnerfley  *s  ther- 
mometer, upon  an  explofion  being  made  in 
the  veflcl  which  contained  it,  is  not  to  be 
afcribcd  to  the  rarefa<5lion  of  the  air  by  heat, 
but  to  the  quantity  of  air  actually  difpldced 
by  the  elcflri<;al  flafh.  It  is  only  when  that 
firft  fudden  rife  is  fubfided,  as  Mr.  Kinnerfley 
himfelf  obferves,  that  the  degree  of  its  rare- 
fa^ion  by  the  heat  can  be  eRimated,  viz.  by 
the  height  at  which  the  water  then  ftands 
above  the  common  level. 

Dr.  Franlkin  had  faid,  that  ice  failed  to 
■  condu£t  a  fhock  of  elcSricity ,  and  Mr.  Berg- 
man, in  a  letter  to  Mr.  Wilfon,  read  at  the 
Royal  Society  November  the  20th,  1760, 
ihows  (what  Signior  Beccaria  had  done  be- 
fore] that  a  fmall  quantity  of  water  failed  a« 
much  as  the  ice  had  done  with  Dr.  Franklin, 
who  feems  to  have  made  ufe  of  an  icicle 
which,  Mr.  Bergman  thought,  was  not  large 
enough  for  the  purpofe.  From  ^ence  he  fuf- 
peQed,  that  large  quantities  of  ice  would  trahf* 
mit  a  {hock  of  ele^iqity  as  perfectly  as  a  large 
quantity  of  water*. 

However,  he  feems,  afterwards,  to  have 
changed  his  fentiments  with  refpe£t  to  ice : 
for,  inafubfequent  paper,  read  at  the  Royal 

•  PWl.  Trtnf.  Vol.  H.  pt  u.  p,  jot. 
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Society  March  the  18th,  1762,  when  he  had 
remarked  that  fnow  would  not  condud  the 
cle<5tric  fhock,  he  iays,  he  believes,  if  he 
could  procure  plateft  of  ice  of  a  proper  thick- 
nefs,  he  could  charge  them  in  the  fame  man- 
ner as  glafs  *. 

Johannes  Franciscus  Cigna  was  To  fully 
perfuaded  of  the  non-<ondufting  power  of 
ice,  that  he  made  ufe  <^  it  in  an  experiment* 
defigncd  to  afcertain  whether  eleSric  fub- 
ftances  did,  according  to  Dr.  Franklin's  .hy- 
pothefis,  contain  more  of  the  eledric  matter 
than  other  bodies.  He  inclofed  a  quantity  of 
ice  in  a  glafs  veffel,  and  when  he  thought  he 
had  converted  it  from  an  eledric  to  a  non- 
eledric  by  melting ;  he  tri^l  whether  it  was 
eleflrified ;  but,  though  he  found  no  appear- 
ance of  its  having  acquired  any  more  of  the 
fluid  than  it  ought  to  have  In  its  new  ftate, 
"he  does  not  feem  to  have  givei)  up  bis  opi- 
nion f. 

In  the  lall  part  of  this  work  the  reader  will 
find  fome  experiments,  which,  tt  is  imagin- 
ed, will  afcertain  the  clafs  of  bodies  in  which 
ice  ought  to  be  ranked,  by  proving  its  con- 
dut^ing  power  to  be,  at  leaA,  nearly  equal  to 
that  of  water. 

•  Phil.  Tranf.  Vo!  !ii.  pt.  ii.  p.  +85. 
t  Memoifi  of  the  Audemy  *t  Tuiin,  for  the  yeu  i;6s, 
F  47- 
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SECTION     in.  , 

Ma.  canton's  experiments  and  dis- 
coveries relating  TO  THE  SURFACES 
OF  ELECTRIC  BODIES,  AND  OTHERS  MADE 

'  IN  PURSUANCE  OF  THEM,  OR  RELATING 
TO  THE  SAME  SUBJECT;  ALL  TENDING 
TO  ASCERTAIN  THE  DISTINCTION.  BE-^ 
TWBEN  THE  TWO  ELECT&ICITIEb 

TILL  this  laft  period  ofthe  hiftory,  the 
fanle  electricity  had  always  been  pro- 
duced by  the  fame  eleSric.  The  friftion  of 
glafs  had  always  produced  a  pofitive,  and  the 
friiSHon  of  fealing-wax,  &c.  had  always  pro- 
duced a  negative  eledtricity.  Thefe  were 
thought  to  be  efTential,  and  unchangeable 
properties  of  thofe  fubftances  ;  and  hence  the 
one  Was  by  many  called  the  vitreous,  and 
the  other  the  refmouselearicity ;  and  toelec- 
trify  negatively,  that  is  produce  a  refirious  elec- 
tricity, by  means  of  glafs ;  or  to  eleflrify  pofi*- 
tively,  that  is,  produce  a  vitreous  eledricity, 
by  means  of  fealing-wax,  &c.  would  have  - 
.been  thought  as  great  a  paradox,  as  to  elec* 
trify  at  all  by  the  fridion  of  brafs  or  iron. 
For  though  it  was  not  known  why  the  elec- 
tric matter  fhould  flow  from  the  rubber  to 
the  excited  glafs,  or  to  the  rubber  from  eli- 
cited fealing-wax,  the  fail  had  been  inva- 
riable ;  and  nothing  is  even  mentioned  to 
have  happened,  ia  the  couri&  of  any  experi- 
S  a  ments> 
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ments,  that  could  lead  a  pcrfon  to  fufpeft  the 
poffihility  of  the  contrary. 

What  then  muft  have  been  the  furpnfe  of 
cledrictaiLs,  to  find  that  thefe  different  powers 
of  glafs  and  fulphur  were  fo  far  from  being 
invariable,  that  they  were  even  interchange- 
able ;  and  that  the  fame  glafs  tube  cAuld  be 
made  to  affume  the  powers  of  both !  ^d 
what  miril  have  been  their  faiisfaftion  to  find 
the  circumftancc  on  which  the  convertibility 
of  thofe  oppofrtc  powers  depended,  complete- 
ly afcertarned.  This  furprife  and  pleafure 
was  given  them  by  Mr.  Canton,  who  Ihowcd 
that  it  depended  only  on  the  rubber,  and  the 
furface  of  the  gjafs,  whether  it  eledlrified  po^ 
fitively  or  negatively. 

In  what  manner,  by  what  train  of  thought, 
or  by  what  accident  he  was  led  to  this  difco- 
very,  this  excellent  philofopher  has  not  been 
plculcd  to  inform  us  ;  but  it  is  certainly  a  dif- 
covcry  which,  in  an  eminent  manner,  diftin- 
guifhes  this  period  of  my  hiftory.  It  throws 
great  light  upon  the  dodrine  of  pofitive  and 
negative  ele^iiricity,  and  led  the  way  to  othfer 
difcoveries  which  throw  Aill  more  light  up- 
on it. 

This  fubjeft  of  the  tvjo  electricities  feems 
to  have  engaged  the  attention  of  ele&icidns 
in  a  more  particular  manner,  in  the  whole 
tourfe  oi  this  period,  and  ever  fince  the  dif- 
covery  of  Dr.  Franklin,  that  the  eleftricity  of 
the  two  furfaces  of  charged  glal^  are  always 
contrary  to  one  another.  Accordingly,  the 
reader  uUl  tind  fcveral  fcdions  in  this  period 

.  b  .  of 
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of  the  hiftory  relating  to  it;  but  he  will  Bnd 
tlfflt  though  much  has  been  done,  much  yet 
remains  to  be  done;  and  that  we  are  ftilt  far 
from  thoroughly  underftanding  the  nature  of 
the  two  electricities,  with  their  dependence 
upon  and  relation  to  one  another. 
■  Previous  to  the  communication  of  the  dif- 
CQfvery  itfelf,  -Mr.  Canton  obferves,  that  fcal- 
ing-wax  might  have  pofitive  eledricity  fuper- 
induoed  upon  it.  He  excited  a  ftick  of  feal- 
ing-wax  about  two  feet  and  a  half  in  length, 
and  an  inch  in  diameter ;  and,  holding  it  by 
the  middle,  he  drew  an  excited  glafs  tube  fe- 
Teral  times  over  one  part  of  it,  without  touch-' 
ing  the  other.  The  confequence  was,  that 
that  half  which  had  been  expofed  to  the  ac- 
tion of  the  excited  gl^s  was  politive,  and  the 
other  half  negative :  for  the  former  half  de- 
ftroyed  the  repelling  power  of  balls  elec- 
trified by  glafs,  while  the  other  half  increaf- 
ed  it  *. 

The  experiments,  which  prove  that  the 
appearances  of  pofitivj:  and  negative  eleclri- 
city  depend  upon  the  furfiice  of  the  elearic8> 
and  that  of  the  rubber,  were  made  in  the  lat- 
ter end  of  December  1753. 
■  Having  rubbed  a.  glafs  tube  with  ^  piece 
of  thin  (heet  lead,  and  flour  of  emery  mixed 
with  water,  till  its  tranfparency  was  intirely 
dcftroyed,  he  excited  it  (when  it  was  made 
perfetlly.  clean  and  dry)  with  new  flannel, 
and  found  it  ad  in  all  refpedts  tike  excited 

•  Phil.  Tranf.  Vol.  xlfiii.  pu  i.  p.  356. 
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jiilphur  or   fcaling-wax.     The  ele£lric  fir» 
jfeemed  to  i0ue  from  the  knuckle,  or  end  of 
the  finger,  and  to  fpread  itfelf  on  the  furface 
of  the  tube,  in. a  very  beautiful  manner. 

If  this  rough  or  unpoliAied  tube  wat  ex- 
cited by  a  piece  of  dry  oiled  filk,  efpecially 
when  rubbed  over  with  a  little  chalk  or  whiter 
ing,  it  would  3L&  like  a  glafs  tube  with  its  pa^ 
tural  poljQi.  In  this  cafe  the  eleifbic  fire  ap« 
peared  only  at  the  knuckle,  or  the  end  of  the 
finger,  where  it  feemcd  to  be  very  much  con- 
^enfed,  before  it  entered- 

Bo  T  if  the  rough  tube  was  greafed  all  over 
with  tallow  from  a  candle,  and  as  much  a^ 
poflible  of  it  wiped  o^^  with  a  napkin,  then 
the  oiled  filk  would  receive  a  kind  of  poUJh 
by  rubbing  it ;  and,  after  a  few  ftrokes,  would 
make  the  tube'ai^  ih  the  fame  manner  as  wheq 
fxcited  at  firft  by  flannel. 

The  oiled  filk,  when  covered  with  chalk 
or  whiting,  would  make  the  greafed  rough 
tube  &A  again  like  a  poliflied  one ;  but  if  the 
friction  was  continued  till  the  rubber  became 
finooth,  the  electric  power  would  be  changed 
to.  that  of  fulphur,  fealing-wax,  &c. 

Thus,  fays  he,  may  the  pofitivc  and  ne^ 
.  g{atLT«  powers  of  eledricity  be  produced  at 
pleafure,  by  altering  the  furfaces  of  the  tube 
^nd  rubber,  according  as  the  one  o^  the  other 
is  moft  affefted  by  the  fri>aion  between  them. 
For  if  the  poHQi  be  taken  off  one  half  of  a 
tube,  thb  different  powers  may  be  excited 
with  the  fame  rubber  at  a  fingle  ftroke ;  and, 
he  adds,  the  rubber  is  found  to  move  much 
a  eafier 

,,,. "  .Cot.)"^!!: 


TWO   ELECTRICITIES.     263 

caHer  over  the  rough,  than  ova:  the  poHHied 
part  of  it.  * 

That  poliflied  glafs  eledrified  pofitively, 
and  rough  glafs  ruU>ed  with  flannel  negative 
ly,  feemed  plain  from  the  'appearance  of  the 
light  between  the  knuckle,  or  end  of  the 
finger,  and  the  refpedive  tubes.  But  this, 
Mr.  Canton  thought,  was  farther  confirmed 
by  obferving,  that  a  polifhed  glafs  tube,  when 
excited  by  fmooth  oiled  lilk,  if  the  hand  was 
kept  three  inches,  at  leaft,  from  the  top  of 
the  rubber,  would,  at  every  ftroke,  appear  to 
throw  out  a  great  number  of  diverging  pencils 
erf"  eledric  fire  j  but  that  none  were  ever  feen 
to  accompany  the  rubbing  of  fulphur,  feaf- 
ing-wax,  &c  nor  was  he  ever  able  to  make 
any  fenfible  alteration  in  the  air  of  a  room 
merely  by  the  fri£fcion  of  thofe  bodies ;  where- 
as the  glafs  ^ube,  when  excited  fo  as  to  emit 
pencils,  would,  in  a  few  minutes,  eleflrify 
the  air,  to  fuch.  a  degree,  that,  after  the  tube 
was  carried  away,  a  pair  of  balls,  about  the 
fize  of  the  fmaUeil  peas,  turned  out  ~of  cork, 
or  the  pith  of  elder,  and  hung  to  a  wive  by 
linea  threads  of  fix  inches  long,  would  repel 
each  other  to  the  diftance  of  an  inch  and  an 
half,  when  held  at  arm's  length  in  the  middle 
of  the  room  *. 

Apt  El*  thcfe  experiments  of  Mr.  Canton, 
Mr.  Wilfon  made  feveral,  which  throw  a 
little  more  light  upon  this  curious  fubjei^ ; 
but  it  id  difficult  to  draw  any  general  conclu- 

*  fhil.  Truf.  Vol.  xlviii,  pt.  ii.  p.  781. 
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fion  from  them,  and  his  owp  is  not  fufficient- 
Jy  determinate.  It  is,  that  two  eledrics  be- 
ing rubbed  together,  the  body  whofe  fub- 
ftancc  is  hardeft,  and  eledric  power  ftrongeft,  . 
will  always  be  plus.,  and  the  fofteft  and 
weakeft  minus*-  Rubbing  the  tourmalin  and 
amber  together,  he  produced  a  plus  eledricity 
on  both  fides  of  the  ftone,  and  a  minus  on  the 
amber;  but  rubbing  the  tourmalin  and  dia-- 
mond  together,  both  fides  of  the  tourmalin 
were  cleSrified  minus,  and  the  diamond  plus. 

These  experiments,  which,  he  thought, 
proved  this  propofition,  encouraged  him  to 
try  what  would  be  the  effeift  of  rubbing  or 
fcrcing  air  againft  different  cleftrics,  and  the 
cfFefts  were  very  confiderable.  In  thcfe  ex- 
periments he  only  m'adeufc  of  a  common  "pair 
of  hellows,  and  his  firft  experiment  was  up- 
on the  tourmalin.  This  fubftancehe  brought 
near  the  end  of  the  pijte,  and  found,  that  af- 
ter it  had  received  about  twenty  blafls,  it  was 
eledrified  pius  on  both  fides.  Air,  there- 
fore, feemed  to  be  lefs  eledric  than  the  tour- 
malin. 

Into  the  place  of  the  tourmalin,  he  brought 
a  pane  of  glafs,  and  blew  againft  it  the  fame 
nilmber  of  times  as  in  the  former  experiment ; 
and  when  he  had  examined  both  lides,  he 
found  that  they  were  electrified  plus  alfo,  but 
lefs  than  the  tourmahn. 

Amber,  treated  in  the  fame  manner,  was 
eleftrified  lefs  than  the  glafs. 

•  Phil.  TrinC  Vol.  li.  pt.  i.  p.  331, 
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Hr  next  had  recourfe  to  a.  fmith's  bellows. 
The  difference  which  thefe  occafioned  was 
only  a  much  ftronger  eleftricity  in  the  tour- 
malin. Amber  was  ilitl  weaker  than  the 
glafs ;  and  the  glafs  weaker  than  the  touT-' 
noalin. 

Having  in  view  the  medium  (which,  t 
have  obferved,  he  laid  great  ftrefs  upon,  aa 
conftituting  the  difference  bfctween  elegies 
and  non-eleGrics)  he  confidered  that  heat 
,  would  rarify  it  on  the  furfaces  of  the  particles 
of  air ;  by  which  means,  air,  having  its  re- 
fiffance  le0ened,  would  more  readily  part  with 
the  eledric  fluid,  and,  of  confequencei  elec- 
trify more  powerfully. 

The  pipe  of  the  bellows  being  made  red 
hot>  he  blew  againff  the  tourmalin,  twelve 
times  only,  which  .was  eight  times  lefs  than  in 
the  former  experiment  with  cold  air.  In  this 
experiment  the  tourmalin  was  electrified  p}us. 
on  both  fides,  but  to  a  confiderable  degree 
more  than  was  done  in  the  former  experi- 
ments. The  hot  air  had  the  fame  effed  up- 
on glafs,  but  ele^rified  it  lefs  than  the  tour- 
malin; and  amber,  though,  like  the  other 
bodies,  it  received  an.increafe  of  power  by 
the  fame  treatment,  was  ele&riBed  the  leaft 
of  all. 

From  the  air  cledlrifying  more  power- 
fully when  it  was  hot  than  when  it  was  cold* 
and  the  tourmalin  being  eleArified  more  than 
glafs,  and  glafs  more  than  amber,  as  appear- 
ed by  the  laft  experiments,  we  feem,  lays 
Mr.  Wilfon,  to  have  obuined  a  proof,  that 

the 
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th6  whole  atmofphere  is  conftantl^  pro- 
iHoting  a  flow  of  the  eledric  fluid*  by  the  al- 
ternate changes  of  heat  and  cold  j  and  farther. 
Chat  air  is  not  only  lefs  cle£lric  than  the  tour- 
malin, but  lefs  than  glafs,  or  even  amber  *. 

In  another  paper,  read  at  the  Royal  So- 
ciety November  the  t3th,  1760,  Mr.  Wilfon 
recites  feme  curious  experiments,  which,  he 
fays,  {hew  that  a  plus  eledlricity  may  be  pro- 
duced by,  means  of  a  minus  elei^icity. 

Having  electrified  the  infide  of  a  large 
Leyden  bottle  plus^  by  means  of  a  conducing 
wire  from  an  excited  glafs  glob^;  he  fet  it  oa 
a  ftand  of  prepared  wood,  and  'took  away  the 
conducing  wire,  after  which  the  mouth  of 
the  bottle  was  clofed  with  a  fiopple  of  glafs. 
Then  the  pointed  end  of  ?.n  ivory  conduflor 
was  brought  oppofite  to  the  middle  of  the 
bottle,  and  about  two  inches  from  it.  Upon 
doing  this,  the  balls  were  ele^rified  minus  ;- 
and  the  more  fo  as  the  ivory  was  moved  nearer 
the  bottle,  in  an  horizontal  dire^^ion. 

But,  on  removing  the  ivory  to  a  greater 
diflance,  the  tkinus  elcdricity  decreafed ;  and, 
at  a  certain  diftance,  there  was  not  any  fign 
of  it  remaining;  but  when  the  diftance  was 
kicreafed  to  about  eighteen  inches  'rom  the 
boule.  a  plus  cleiftricity  appeared,  which  con* 
tinued  even  after  the  ivory  was  removed  en-, 
ttrcly  away  f. 

With  a  cylinder  of  baked  wood  he  elec- 
trified the  balls  hanging  to  the  ivory  minust  9X 

'  Pi-il.  T.anf.  Vul.  li.  ph  5.  p.  331,  &«. 
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the  diflance  of  four  feet  or  more>  by  holding 
the  cylinder  over  the  middle  of  the  ivory,  and 
continuing  it  there ;  and,  on  moving  it  nearer^ 
they  were  more  ftrongly  eleflrificd  minus  \ 
but  the-  lame  cylinder,  on  removing  it  back 
again  to  the  diftance  of  two  or  three  feet,  or 
snoret  elciSrtiied  the  balls  plus._ 

When  another  condu6:or  of  metal,  with- 
out edges  or  points,  was  ufed,  inftead  of  the 
Ivory,  and  without  any  thing  banging  fronx 
it,  the  fame  cylinder  held  over  the  metal  (afl 
was  done  in  the  laft  experiment  oyer  the  ivory, 
at  the  diAance  of  two  feet]  fu'cdnced  a  pius 
eicftricity  j  and  this  was  rendered  weaker  a» 
the  cyliiKler  was  moved  nearer ;  but  by  lefleo- 
ing  the  diftance  to  about  one  foot,  the  minut 
cleiftiicity  took  place.  In  thefe  cafes  Mr, 
Witfon  thought,  that  the  plus  appearance 
arofe  from  the  earth,  air,  or  other  neighbour- 
ing bodice. 

When  the  preceding  experiments  werefirft 
made,  he  was  a  little  embarafTed,  by  the  un- 
certain appearances  of  a  p/us  eleiAricity  at  one 
.  time,  and  a  mmus  at  another,  in  the  famecK- 
pertment;  but,  by  repeated  trials  andobferv^ 
ations,  he  found,  that  a  pius  or  minus  elec- 
tricity may  be  produced  at  pleafore,  by  carc- 
&lly  attending  to  ,ihe  three  following  circum- 
fiances ;  viz.  the  form  of  the  bodies,  their' 
•fudden  or  gradual  removal,  and  the,  degrees 
of  eledrifying. 

Mr.  Wilson,  after  this,'  proceeds  to  mo- 
tion fome  other  circumftances  of  a  very  nice 
nature,  where,  the  flighted  and  almoft  im- 
perceptible 
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perceptible  difFerences  in  the  pofltion  or  in 
%hc  courfe  of  the  ftidion  of  two  bodies  pro- 
duce, in  either  of  them,  the  f>/us  elearicity  at 
one  time,  and  the  minus  at  another.  Sucb, 
fays  he,  are  the  effects  of  this  fubtle  and  ac- 
tive fluid,  when  the  experiments  are  carefully 
made ;  and  therefore  they  require  the  moft 
fcruputous  attention  to  trace  out  the  caufe« 
which  occafion  them. 

Sealing-wax  and  filver  were  the  bodies 
ufed  in  the  two.  firfl;  experiments,  but  many 
other  fubAances  feemed  to  perform  as  well. 
The  fealing-wax  was  clean,  and  undiflurbed 
by  any  fri^Jion  whatever,  but  that  of  the  air 
fbrrounding  it,  and  had  been  fo  for  fome 
hours.  The  filver  was  fixed  to  a  piece  of 
prepared  wood,  which  was  alfo  preferred 
from  fridion  for  the  fame  length  of  time. 
Then,  taking  one  of  thofe  fubflances  in  each 
hand,  the  filver  being  at  the  end  of  the  wood 
the  fartheft  from  the  hand,  he  laid  the 
finoothefi  part  of  the  filver  upon  the  fealing- 
wax,  and  moved  it  along  the  furfacc  gently, 
once  only,  and  with  a  very  flight  preflure,, 
after  which  the  filver  was  eledrified  .p/uit  and 
the  wax  minus. 

On  repeating  the  experiment  with  equal 
care,  and  in  the  fame  maimer,  except  that 
the  fmooth  fide  of  the  filver  was  a  little  in- 
clined, fo  that  the  edge  of  it  prefled  againft  ■ 
the  wax;  the  filver,  after  moving  it  as  be- 
fore, was  electrified  minus,  and  the  wax,p/ux, 
contrary  to  what  was  obferved  in  the.lafi  ex- 
periment. 

These 
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These  oppoGtc  eflFefla,  occafioned  by  the 
different  applications  of  the  flatted  part  or 
edge  of  the  filver,  feemcd  to  arife  from  an  al- 
teration made  in  the  furfacc  of  the  wax,  by 
deftroying  the  polifli  in  one  cafe,  and  not  in 
the  other  j  and  in  this  refpcft  rcfembled  the 
pbliflied  and  rough  glafs  itientioncd  before. 

Upon  making  ufe  of  prepared  wood  rnftead 
of  wax,  and  employing  different  degrees  of 
preffure  in  the  frifftion,  with  the  fame  edge 
of  the  niver,  be  produced  the  like  appear- 
ances;  the  leaft  preffure  caunnga//ux,  and 
the  greateft  prefiure  a  minus  .appearance  in 
the  filver. 

A  FLAT  piece  of  flcel  well  poHflied,  and 
the  edges  rounded  off,  afforded  the  fame  ap- 
pearances, by  only  applying  the  flat  furface 
to  riie  wood,  but  it  required  more  preffing  to 
produce  the  minus  effe^  in  this  cafe  than  it 
did  in  the  former,  where  the  edge  was  con-  . 
cern6d. 

Whether  the  reafon  offered  above  for  ex- 
plaining thefe  laft  curious  appearances  be 
true  or  not,  Mr.  Wilfon  did  not  venture  to 
affirm,  for  want  of  farther  experiments ;  but 
thus  much  he  thought  might  be  fafely  ad- 
vanced, that  we  have  learned  to  produce  at 
pleafure  a  plus  or  minus  eledricity  from  the 
fame  bodies,  by  attending  to  the  manner  of 
their  application  and  friftion  *. 

Mr.  Bergman,  in  a  letter  to  Mr.  Wilfdn, 
read  at  the  Royal  Society  February  the  23d, 

*  Phil.  Tranr.  Vol'.  K.  pt.  U,  p.  S99,  &c. 
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1764,-  gives  an  account  of  fome  curious  ex- 
periments of  his,  which,  in  conjundlion  indk 
thofe  of  Mr.  Canton  above  mentioned,  con- 
cerning '  furfaces,  may  throw  confiderable 
light  upon  the  doftrine  of  pofitive  and  nega- 
tive cle^ricity. 

The  experiments  were  made  with  two  rib- 
bons of  filk,  one  of  which  was  extended  in  a 
frame,  while  Mr.  Bergman  held  the  other  in 
hb  hand.  He  obferved,  that  if  the  two  ribbons 
were  the  fame  with  refpe£t  to  texture,  colour* 
fuperHcies,  and  in  every  thing  elfe,  as  far  as 
could  be  judged;  and  if  he  drew  the  whole 
length  of  the  ribbon  which  he  held  in  fai% 
hand  over  one  part  of  that  which  was  extend- 
ed in  the  frame,  that  in  his  hand  contra^ed 
the  pofitive  electricity,  and  that  in  the  frame 
a  negative.  If  he  drew  one  part  of  that 
which  he  held  in  his  hand  over  the  whole 
length  of  the  other,  th^  ^eds  were  rc- 

.  verled. 

If  the  ribbon  in  his  hand  was  of  a  difi«rent 
colour  from  that  in  the  frame  (provided  ifcwas 
not  black)  the  event  was  the  fame. 

If  the  ribbon  in  his  band  was  black,  it  was 
always  negative,  which  ever  way  it  was  rub- 
bed, except  that  in  the  frame  was  black  too; 
£ot  then,  if  the  whole  length  of  it  was  rub- 
bed, it  was  eledrified  politively. 

In  endeavouring  to  account  for  the&  eSeda, 
he  obferves,  that  the  ribbon  which  was  moft 
rubbed  was  m^^/meother^  and  warmer  than 
the  other;  and  was  of  opinion,  that  though 

'  fmoothnefs  did  difpofe  bodies  to  be  excited 
pofitively. 
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pc^tively,  yet  that  other  circumilances  were 
alfo  to  be  taken  into  confideration ;  having 
found  that  when  he  held  in  his  hand  a  ribbon, 
which,  by  much  fridion,  was  made  Very 
fmooth,  and  drew  it  over  one  part  of  another 
ribbon,  which  was  rough,  and  had  never 
been  ufed  before,  that  the  rough  ribbon  was, 
neverthelefs,  pofitive.  From  Uiis  experiment 
he  concluded,  that  this  efFed  was,  in  fome 
meafure,  owing  to  the  colour ;  and,  in  purfu- 
ing  this  thought  farther,  he  was  led  to  the  fol- 
lowing experiments- 

If  the  ribbon  in  his  hand  was  well  warm- 
•d,  though  it  was  drawn  over  one  part  of 
that  in  the  frame,  it  became  eleftrihed  nega- 
tively, and  that  in  the  frame  pofitively  Ho 
made  thefe  experiments  with  the  fame  fuccefs 
upon  ribbons  of  lilk  of  various  colours,  blue, 
green,  red,  white,  &c. 

If  the  ribbon  in  the  frame  was  black,  it 
never  contrailed  a  pofitive  eleftricity,  thoagh 
.  that  in  his  hand  had  been  much  heated,  ex- 
cept this  were  black  too.  From  thefe  experi- 
ments, he  thought  he  might  fafely  conclude, 
thatheatdJd  difpofe  fome  fubftance3,atleaft,tQ 
a  negative  ftate ;  and  he  thought  that  the  want 
of  attention  to  this  circumflance  might  have 
occafioned  miftakes  in  the  event  of  fome  ex- 
p«-iment8,  efpecially  thofe  concerning  iflaod 
cryflal. 

From  the  whole  he  concludes,  that  therq 

ift  a  cert:^in  fixed  order  with  refpe6t  to-  aegai- 

tivc  and   pofitive   clearicity,  in  which  all 

bodies  may  be  placed,  while  other  circum- 

ftances 
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ftances  remain  the  fame.  Let  A,  B,  C,  D,  £« 
be  certain  fubftances,  each  of  which,  when 
Tubbed  with  one  which  is  antecedent  to  it,  is 
negative*  but  with  a  fubfequent  pofitive.  In 
this  cafe,  the  lefs  diftance  there  is  between  the 
.  bodies  that  are  rubbed,  the  weaker,  cat.  par. 
will  bt  the  eleftricity;  wherfcforc  it  will  be 
ftronger  between  A  and  E,  than  it  will  be  be- 
tween A  and  B.  Heat,  he  iays,  difpofes 
bodies  to  a  negative  eleftricity,  but  if  the  dif- 
tance  above-mentioned  be  confiderable,  it  may 
not  be  able  to  overcome,  though  it  may  weaken 
that  eledricity,  as  is  evident  from  the  ribbon 
of  black  filk.  When  a  glafs  globe  grows 
warm  in  whirling,  we  are  fenfible  that  its 
eleftric  power  is  diminifhed.  Is  it  not  ow- 
ing, fays  he,  to  this  circumftance,  that  by 
heat  it  is  more  difpofed  to  negative  eleiSricity, 
by  which  means  the  diflance  above-mention-^ 
cd  between  the  glafs  and  the  rubber  is 
Icflened  *  ? 

Upon  the  fubjed  of  this  fedion,  I  muft  in- 
troduce to  the  acquaintance  ormy  reader  two 
eminent  ele&icians  whofe  difcoveries  will 
give  him  the  greateft  latisfa^lion ;  I  mean 
Mr.  WiLCiLE,  and  Mr.  £pinus,  the  former 
of  Rofiock  in  Lower  Saxony,  and  the  latter 
of  Pct?rfl)urgh :  a  circumlbince  which  gives 
.me  an  occalion  of  congratulating  all  the 
lovers  of  the  fciences,  and  particularly  of 
ele£tricity,  on  the  extenOve  fpread  of  their 
fludies.    Wbat  joy  would  it  have  given  Mr. 
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Haukfbee,  or  Mr.  Grey,  to  have  forefeen  that 
.two  fuch  admirabte  treatifes  on  the  fubjefl  of 
cletiiricity,  as  thofe  of  the  perfons  above- 
mentioned,  would  come  from  countries  fo  re- 
mote from  the  place  of  its  rife  ! 

Mr.  Wilcke  relates  many  curious  experi- 
ments concerning  the  generation  of  what  he 
caW^  Jbontaneous  eleSfricity-,  produced  by  the 
liqurfai5Kon  of  eleSric  fubftances,  which,  com- 
pared with  thofe  of  Mr.  Canton,  throw  great 
light  upon  the  do£trine  of  pofitive  and  nega- 
tive electricity. 

He  melted  fulphur  in  an  .earthen  veffel, 
•which  he  placed  upon  (Tondudors  ;  then,  let- 
ting them  cool,  he  took  out  the  fulphur,  and 
found  it  ftrongly  eleibrical;  but  it  was  not  fQ 
"when  it  had  ftood  to  cool  upon  cledtric  fub- 
ftances. 

He  melted  fulphur  in  glafs  vcflels,  where- 
by-they  both  acquired  a  ftrong  eleftricity  in 
the  circumftances  above  mentioned,  whether 
they  were  placed  upon  electrics  or  not;  but  a 
flronger  in  the  former  cafe  than  in  the  latter; 
and  they  acquired  a  ftronger  virtue  ftill,  if 
the  glafs  vetfel  into  which  they  were  poured 
was  coated  with  metal.  In  thefe  cafes,  the 
glafs  was  always  pofitive,  and  the  fulphur  ne- 
gative. It  was  particularly  remarkable,  that 
.  the  fulphur  acquired  no  eledtricitytilj  it  began 
to  cool  and  contraft,  and  was  the  ftrongeft 
when  in  the  ftate  of  greateft  contradlion ; 
whereas  the  eleflricity  of  the  glafs  was,  at 
the  fame  time,  the  weakefl;  and  was  the 
ftrongeft  of  all  when  the  fulphur  was  ihaken 
T  out, 


a74-    '    Mr.  WILCKE  on  Tffi 

out,  before  it  began  to  contradt,  and  acquired 

any  negatiye  eleilrietty. 

PufisuiNG  thefe  experiments,  he  found 
that  melted  fealing-wax,  poured  into  glafs,  ac- 
quired a  negative  eleflricity,  but  poured  into 
fulphur  it  acquired  a  pofitive  ele^icity,  and 
left  the  fulphur  negative.  Sulphur  poured  in- 
tp  baked  wood  became  negative.  Sealing- 
wax  alfo  poured  into  wood  was  negative,  and 
the  wood  confequently  pofitive ;  but  fulphur 
poured  into  fulphur,  or  into  rough  glafs,  ac- 
quired no  eledricity  at  all  *. 

Experiments  fimilar  to  thefe  were  alfb 
made  by  Mr.  JEpinus.  He  poured  melted 
fulphur  into  metal  cups,  and  obferved,  that 
.  when  the  fulphur  was  cold,  the  cup  and  the 
fulphur  together  ihowed  no  figns  of  elec- 
tricity, but  Ihowed  very  ftrong  ugna  of  it  the 
moment  they  were  feparated.  The  eleflrici- 
ty  always  dllappeared  when  the  fulphur  wa» 
--  replaced  in  the  cup,  and  revived  upon  being 
taken  out  again.  The  cup  had  acquired  a  ne- 
gative, and  the  fulphur  a  pofitive  ele&ricity ; 
but- if  the  electricity  of  either  of  them  had 
been  taken  off  while  they  were  feparate,  they 
would  both,  when  united,  ihow  figns  of  that 
eledricity  which  had  not  been  taken  off.  This 
eledricity,  he  obferves,  was  only  on  the  fur- 
face  of  the  fulphur  f. 

Mr.Wilcke  has,  likewife,  recited  feveral 
curious  experiments,  which  he  made  on  the 
fridtion  of  •various  fubftances,  which  like-  . 

•  WJIcke,  p,  4(,  ic.        f  ^pini  Tentanen,  p.  66.  ;o. 
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wife  throw  confiderablc  light  on  the  fame 
fubjea. 

StTLPHUK  and  glafs  rubbed  together  pro- 
duced a  Arong  elet^tricity,  poHtive  in  the  glafs, 
and  negative  in  the  fulpbur. 

Sulphur  and  fealing-w^ic  being  rubbed 
together,  the  wax  became  pontire,  and  the 
fulphur  negative. 

Wood  rybbed  with  cloth  was  always  ne- 
gative. 

Wood  rubbed  againll  fmooth  glafs  became 
negative!  but  againft  rough  glafs  pofitive. 

3uLPHUR  rubbed  againft  metals  was  always 
pofitiye*  and  this  was  the  only  cafe  in  which 
It  was  fo ;  but  being  rubbed  againll  lead  it 
became  negative*  and  the  metal  pofitive;  lead 
appearing,  thereby,  to  be  not  fo  good  a  con- 
dudor  as  the  other  metals. 

After  thefe  experiments,  Mr.  Wilcke 
gives  the  following  catalbgue  of  the  principal 
fubllances  with  which  eledlrical  experiments 
are  made,  in  the  order  in  which  they  are  dif- 
pofed  to  acquire  politive  or  negative  elec- 
tricity ;  any  of  the  fubftances  becoming  poft- 
tively  eledrical  when  rubbed  with  any  that  fol- 
low it  in  the  lift,  and  negative  when  rubb€4 
with  any  that  precede  it. 

Smooth  glafs.  White  wax. 

Woollen  cloth.  Rough  glafs. 
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Quills. 

Lead. 

Wood. 

Sulphur. 

Paper. 

Other  Ineuls 

Sejiing-wax. 

Wilcke.  p.  sV&c, 
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In  all  experiments  made  to  deternune  the 
order  of'  thefe  fubftarices,  Mr.  Wilcke  fays, 
that  great  care  is  neceiTary,  to  diftinguifti  ori- 
ginal eleflricity  from  that  which  is  communi- 
cated, or  the  confequence  of  friction  •.  . 

Mr.  Wilcke  fays  that  fmooth  glafs  is  la, 
all  cafes  pofitive,  and  thence  infers  that  it  at- 
tradis  the  eleflric  fluid  the  liiofl:  of  all  known 
fubftances;  but  Mr.  Canton  tells  me  he  has 
found,  that  die  fmootheft  glafs  will  acquire  a 
negative  eleftricity  by  being  drawn  over  the 
back  of  a  cat.    . 

Of  the  fame  nature  with  thefe  experiments 
of  Mr.  Wilcke  are  the  following  of  ^pinuS. 
He  preffed  clofe  together  two  pieces  of  !ook- 
ing-glafs,  each  containing  feme  fquare  inches; 
and  obferved, ,  that  when  they  were  feparated, 
and  not  fufFered  to  communicate  with  any 
conduilor,  they  each  acquired  a  flrong  elec- 
tricity, the  one  pofitive,  and  the  other  nega- 
tive. When  they  were  put  together  again,  the 
eleflricityof  both  difappeared,but  not  if  either 
of  them  had  been  deprived  or  their  electricity 
when  they  were  afunder ;  for  in  that  cafe,  the 
two  when  united,  had  the  eleiftricity  of  the 
other.  The  fame  experiment,  he  fays,  may 
be  made  with  glafs  and  fulphur,  or  with  any 
other  electrics,  or  with  any  eleilric  and  a 
piece  of  metal  "f . 

*  Wilcke,  p.  69.  t  -i^pioi  Tcntamtn,  p.6j. 
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SECTION       IV. 

Mr.  DELAVAL's  experiments  relating 

to  the   two   electricrtifs,  and  his 

,   CONTROVERSY  WIThMr. CANTON  UPOW 
THAT  SUBJECT, 

MR.  CANTON,  inthecoui'fe  of  experi- 
ments related  in  the  preceding  fedion, 
clearly  proved,  that  the  production  of  either 
of  the  two  eleftricities  depends  intirely  upon 
the  furface  of  the  excited  eleilric  with  refpeft 
to  the  rubber,  and  fliowed,  that  the  very  fame 
glafs  tube  would  produce  either  of  them  at 
pleafure ;  yet,  nofwithftanding  this  demon* 
flratiorj,  Mr.  Delaval,  feveral  years  after- 
wards, propofed  another  theory  of  the  two 
dciflricities,  which  feems  to  be  more  ingeni- 
ous than  folid ;  as  it  goes  upon  the  old  fup- 
pbfition  of  the  different  powers  depending 
intirely  upon  the  different  fubflances  them- 
felves..  The  account  ^f  this  theory  was  read 
at  the" Royal  Society,  March  the  22d,  1759. 
It  neceflarily  occafioned  fome  controverfy  with 
Mr.  Canton,  in  the  courfe  of  which  fome 
new  experiments  were  made,  and  fome  new 
fads  difcovered  ;  on  account  o£  which  I  fhall, 
-  with  the  utmofl:  impartiality,  report  all  that 
was  advanced  on  both  fides. 

Mr!  Dklaval  obferved,   that  there  are 

two  of  the  pure  chymical  principles  of  bodies, 

x\z.. earth  ^.Vi^Julphur,  which  are  each    pof- 

T  -i  feffed 
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fefled  of  a  diffierent  kind  of  ele&icity ;  one 
of  which  we  might  call  a  plus  ele^icity,  the 
other  a  minusi  and  thought  that  it  ought  be 
expedled,  that*  in  a  body  compounded  of 
both,  the  oppofite  powers  of  thofe  ingredi- 
ents would  counterbalance,  and  deftroy  the 
eScSt  of  each  other ;  and  therefore,  that 
bodies  in  which  the  negative  and  politiTe 
powers  were  equal,  would  be  neutral,  or 
non-elecflrics.  Such  a  fubftance  he  took  me- 
tal to  be,  confiiUngof  calxandfulphur ;  me- 
tals not  being  calcinable  without  a  degree  of 
heat  fufficient  to  diifipate  all  their  iulphur;  as 
is  evident  from  their  not  being  reducible  again 
to  their  metallic  form^  without  the  admix* 
ture  of  fome  unduous  master.  The  fame 
diffipation  of  fulphur,  he  fays*  muft  take  . 
place  in  animal  and  vegetable  fubftances,.  be- 
fore they  become  white  alhes.  Tranfparent 
ilones  he  confidered  as  little  more  than  pure 
earth,  free  from  the  leafl  mixture  of  oil ; 
judging  of  others  by  the  chymical  refolutiou 
of  cryftal. 

To  ponBrm  this  theory,  Mr.  Delaval  made 
experiments  with  dry  powders  of  calcined 
metals,  viz.  cerufs,  lead  aflies,  minium,  calx 
of  antimony,  &c,  inclofing  them  in  long 
glafs  tubes,  and  endeavouring  to  tranfmlt  the 
electric  virtue  through  thepi,  and  always  find- 
ing it  impoifible.  Animal  and  vegetable  fub- 
ftances,  when  reduced  to  afhes,  were  alike 
impermeable  to  eledricity,  as  alio  the  ruft  of 
metals. 
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He  was  firft  led  to  thefe  experiments,  and 
to  this  hyportiefie,  by  finding  that  dry  mould 
vrould  not  condu<A  dedricity.  This  be  alfo 
tried  with  dry  Portiand  jftone,  feme  of  which 
he  had  cut  into  plates  nearly  as  thiri  as  win- 
dow glafs.  Thefe  he  heated  to  a  proper  de- 
£ree>  and  coated  them  cm  both  iides  with 
metal,  in  order  to  make  the  Leyden  experi- 
ment. When  th£  ftone  was  hot  enough  to 
fmge  pafper,  it  conducted  as  perfedly  as 
when  cold ;  but  on  cooling  a  little,  it  began 
.  not  to  conduct,  and  afforded  imall  fliocks ; 
which  gradually  jncreafed  in  ftrength  for 
about  ten  minutes,  at  which  time  it  was  about 
its  moil  perfei^  ftate,  and  remained  fo  near  a 
■quarter  of  an  hour.  After  that  time,  the 
&ocks  gradually  decreafed,  as  the  ftone  grew 
cooler;  till,  at  laft,  they  ceafed,  and  the 
ftone  returned  (o  its  ^onduGing  ftate  again, 
1)ut  this  ftate  appeared  before  the  Aoue  was 
■quite  cold. 

Experiments  of  this  kind  fucceeded  with 
all  bodies  abounding  with  calx,  or  earth,  as 
ftones,  earth,  dry  day,  wood  when  rotten, 
or  burned  in  the  fire  till  the  furface  becomes 
tilack.  Among  other  fubfiances  he  tried  a 
■common  tobacco-pipe,  part  of  which,  near 
the  middle,  he  heated  to  a  proper  degree,  and 
then  applied  one  end  of  it  to  an  eleftrical  bar, 
while  the  other  was  held  in  the  hand ;  and  he ' 
■obferved,  that  the  elearric  fluid  paffed  no  far- 
ther along  the  pipe  than  to  th^  heated  part  *. 

•  Fiiil.  Tntnr,  Vol.  li.  pt.  i.  p.  83. 
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From  thefe  experiments 'Mr.  Delaval  in- 
ferred, that  flones  and  other  earthy  fublUnces 
were  convertible,  by  feveral  methods,  and 
particularly  by  different  degrees  of  heat,  from 
non-cledrics  to  eleSrics.  But  finding,  after- 
wards, that  it  was  the  opinion  of  fome  per- 
fons  {Mr.  Canton  was  the.  pcrfon  chiefly  hint- 
ed at)  that  this  change  did  not  immediately« 
but  only  coniequentially  depend  on  heat,  by 
evaporating  the  moifture,  which  would  re- 
turn again  when  the  fubftance  cooled;  heob- 
ferves,  in  a  paper  read  at  the  Royal  Society, 
December  the  17th,  1761,  that  the  tobacco- 
pipe  lofl.  its  eledlricity  before  it  was  cold,  and 
therefore  before  it  could  have  imbibed  moif- 
ture fufficient  to  deftroy  its  eledricity ;  and 
.  befides,  that  the  fubilance  employed  in  the 
experiment  was  not  of  ftiat  kind  of  bodies 
which  is  apt  fuddenly  to  draw  moifture  from 
the  air. 

To  account  for  Mr,  Delaval's  experiments, 
Mr.  Canton  fuppofes,  in  a  paper  read  to  the 
Royal  Society,  February  4th,  1762,  that 
ftone^  tobacco-pipe,  wood,  Sec,  will  condud 
when  cold  by  the  moifture  they  contain  ia 
that  ftate  ;  that  when  their  moifture  is  evapo- 
rated by  heat  they  become  non-condu&ora ; 
and  that  when  they  are  made  very  hot,  the 
hot  air  at,  or  near  their  furfaces  will  condu^^ 
and  the  bodies  will  appear  to  be  condud^ors 
again.  Hot  air,  he  fays,  may  eafilybe  prov- 
ed to  be  a  conduftor  of  electricity;  by  bring- 
ing a  red  hot-iron  poker,  but  for  a  moment, 
within  three  or  four  inches  of  a  Imall  eledri- 
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fied  body ;  when  it  would  be  perceived,  that 
its  ele^ric  power  would  be  alraoft,  if  not  in- 
tirely  deftroyed ;  and  by  bringing  excited  am- 
ber within  an  inch  of  the  flame  of  a  candle* 
when  it  wouM  lofe  its  eleAricity  before  it  had 
acquired  any  fenfible  degree  of  heat. 

To  confirm  this,  he  mentions  his  having 
obferved,  that  the  tourmalin,  Brafil  topaz, 
and  BraHl  emerald,  would  give  much  ftronger 
figns  of  elc6lricity  when  cooling,  after  they 
tiad  been  held  about  a  minute  within  two 
inches  of  an  almoft  furrounding  fire,  where 
the  air  is  a  condudor,  then  they  ever  will  af- 
ter heating  them  in  boiling  water.  He  adds, 
that  if  both  fides  of  thofe  ftones  be  equally 
heated,  in  a  lefs  degree  than  will  make  tlK 
lurroUnding  air  a  condudor,  the  eleSricityof 
each  fide,  whether  plus  or  w/W,  would  con- 
tinue fo  all  the  time  the  flone  was  both  heat- 
ing and  cooling,  but  would  increafe  while  it 
was  heating,  and  decreafe  while  it  was  cool  - 
ing ;  whereas,  if  the  heat  was  fufficient  to 
make  the  furrounding  air  condwfl  the  elefiric 
fluid  from  the  pofitive  fide  of  the  ftone  to  the 
negative  fide  of  it,  while  it  was  heating,  the 
deitrieity  of  each  fide  would  increafe  while 
the  ftone  was  cooling,  and  be  contrary  to  what 
it  was  while  the  ftone  was  heating. 
-  As  to  the  tobacco-pipe,  Mr.  Canton  fays, 
that  it  not  only  aftraCls  the  moifture  of  the 
air,  but  abforbs  it.  Hence  a  tobacco-pipe, 
after  it  begins  to  cool,  will  become  a  conduc- 
tor again  fooner  than  wood.  And  that  it  im- 
bibes moiflure  fafler  than  wood,  he  fays,  is 
'  evident, 
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evident,  becaufe  when  wetted*  it  will  not  con- 
tinue wet  fo  long  as  wood,  imbibing  the  moif- 
ture  prefently. 

That  tobacco-pipe  does  not  become  a, 
conductor*  ty  a  particular  degree  of  heat, 
without  evaporating  its  moiAure,  is  ^ident* 
he  fays*  from  the  following  experiments. 

If  three  or  four  inches  of  one  end  of  a  to- 
bacco-pipe, of  more  than  a  foot  in  length,  be 
made  red  hot,  without  fenQbly  heating  the 
other  end,  this  pipe  wilt  prove  a  ready  con- 
dudor,  through  the  hot  air  furroundi'ng  one 
part  of  it,  and  the  moiflure  contained  in  the 
other;  although  fome  part  of  it  mull  have  the 
degree  of  heat  of  a  non-condu^or.  But  if 
the  whole  pipe  be  made  red  hot,  and  fuffered 
to  cool  till  it  has  only  fuperficial  ^oifture 
enough  to  make  it  a  good  conduAor,  and  then 
three  or  four  inches  of  one  end  be  again  made 
hot,  it  will  become  a  non-rcondudor. 

If  a  nail  be  placed  at,  or  near  each  end  of 
a  longifh  folid  piece  of  any  of  the  abforbent 
bodies  above-mentioned,  fo  as  the  point  of 
each  nail  may  be  about  half  the  thickoefs  of 
the  body  within  its  furface ;  this  body,  by 
heat,  may  be  made  a  non-condudor  extern 
nally  or  fuperficially,  while  it  remains  a^good 
condudor  internally.  For  the  elcflric  fluid 
will  readily  pafs  from  one  nail  to  the  other, 
through  the  middle  of  the  body,  when  it  will 
not  pafs  OH  its  furface,  and  even  when  the  in- 
ternal parts  of  the  body  are  in  an  equal  de- 
gree of  heat  with  the  external,  as  they  muft 
foon  be  after  it  begins  to  cool.  But  if  the 
&me 
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fame  body  be  expofed,  for  a  fliort  time,  to  a. 
greater  degree  of  beat  than  b^ore,  or  if  it  be 
kept  longer  in  the  fame  heat,  it  will  become 
a  noa-condu£lor  indrely  *. 

Mr.  Delaval,  in  confirmation  of  parti- 
cular bodies  requiring  particular  degrees  of 
heat  to  render  them  eledric  or  non-ele^ric, 
independent  of  moIAure,  mentions  a  fub- 
ilance  which,  he  iays,  is  a£Fe^ed  by  heat  ia 
an  oppofite  manner  to  the  former  inftances; 
fi  nee  the  degrees  of  heat,  neccflary  to  render 
the  other  fubftances  eledric,  makes  this  noa- 
elesflric 

Th  e  fubftance  was  t/Iand  cryftal  (which  is 
well  known  for  its  fingular  property  of  a 
double  re&adion)  on  a  piece  of  which  be 
made  the  following  obferrations.  i.  After 
this  piece  of  cryflal  had  been  rubbed,  when 
the  heat  of  the  air  was  moderate,  it  fhowed 
figos  of  eledricity,  though  not  very  Arong 
ones.  2.  If  the  'heat  was  increafed,  fo  as  tx> 
be  a  little  greater  than  that  of  the  hand,  it  de- 
ftroyed  its  eleflric  power  intirely.  3.  By 
cooling  the  ftone  again,  the  eledric  power 
was  reftored. 

He  immerfed  this  piece  of  cryftal  into  » 
vefiel  filled  with  qutckfilver,  and  furrounded 
with  ice,  where  it  remained  near  two  hours, 
when  the  weather  was  very  coldj  and  ob- 
ferved,  that,  upon  taking  it  out  with  a  pair 
of  tongs  (that  it  might  not  be  altered  by  the, 

Fhil  Truf.  Vol.  lii.  pt,  ii.  p.  459. 
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heat  of  his  hands)  and  rubbing  it  again,  it 
was  more  ftrongly  eledric  then  he  had  at  any 
other  time  experienced ;  but  that,  on  placing 
it  a  few  minutes  upon  the  hearth,  at  fome 
(hftance  from  the  fire,  its  electric  property 
was  again  deftroyed,  for  that  rubbing  would 
not  occafion  any  figns  of  it. 

Thus,  fays  he,  we  fee  two  different  kinds 
of  tixed  bodies,  the  one  of  which  acquires  an 
dearie  properly  with  the  fame  heat  with 
which  another  lofes  it ;  while  a  third  fet  of ' 
fubftances,  as  glafs,  &c.  retain  their  elec- 
tricity through  both  the  degrees  of  heat  hecef- 
iary  to  the  other  two. 

Some  pieces  of  ifland  cryftal,  which  he 
had  procured  from  different  places,  had  not 
the  property  of  lofing  their  elet5tricity  by  a 
moderate  beat.  He  had,  in  particular,  i 
piece  of  that  cryftal,  one  part  of  which,  when 
greatly  heated,  became  non-eleflric,  ■  while  ' 
the  other  part,  with  the  fame  heat,  or  even 
with  a  much  greater  one,  remained  perfcflly 
eleflric. 

He  found  feveral  other  earthy  fubftances, 
whofe  eledricity  was  deftroyed  by  different 
degrees  of  heat. 

From  confidering  that  the  degree  of  heat, 
at  which  the  ifland  cryftal  firft  mentioned  was 
in  its  moft  perfect  elei>ric  ftate,  was  lefs  than 
the-ufual  heat  of  the  air,  and  that  a  fmall  in- 
WCafe  pf  that  heat  rendered  it  non-eleilric  ; 
he  did  not  think  it  improbable,  that  many 
fubftances,  which  arc  not  known  to  be  elec- 
tric. 
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trie,  might  prove  fo,  if  expdfed  to  a  greater 
degree  of  cold  then  they  have  been  hitherto 
examined  in  *. 

To  thefe  obfervations  Mr.  Canton  replies, 
that  having  formerly  obferved  that  the  fric- 
tion between  mercury  and  glafs  in  vacuo 
would  not  only  produce'  the  light  of  elec- 
tricity, as  in  the  luminous  barometer,  or 
■within  an  evacuated  glafs  ball,  but  would 
alfo  eleSrify  the  glafs  on  the  outfide,  he  im- 
merged  a  piece  of  dry  glafs  in  a  bafon  of 
mercury;  and  found,  that  by  taking  it  out, 
the  mercury  was  ele^rified  minus,  and  the 
.  glafs  //a/,  to  a  cohtiderable  degree.  He 
alfo  found,  that  amber,  fealing-wax,  and 
illand  cryftal,  when  taken  out  of  mercury, 
were  all  eledlrified  pofitively.  How  then, 
fays  he,  does  it  appear,  that  the .  eleflricity 
which  was  obferved  in  rubbing  the  laft  men- 
tioned fubftaiice,  after  it  was  taken  out  of 
mercury  furrounded  b'y  ice,  was  owing  to 
cold,  and  not  to  the  friflion  between  it  and 
the  mercury  in  taking  it  out.  Ifland .cryftal 
when  warm  is  a  non-condudor,  and  all  non- 
conduflors  may  be  excited  with  proper 
rubbers  f. 

M'x.Bkrgman  of  Upfal,in  a  letter  to  Mr, 
Wilfon,  read  at  the  Royal  Society,  April  the 
14th,  1761,  fays,  that  he  had  tried  the  ex- 
periments of  Mr.  Delaval  with  illand  cryftaU 
but  that  the  event  had  always  beeri  contrary  to 


•  Phil.  Tranf.  Vol.  lii.  pt.  i,  p.  354,  &c. 
f  Ibid.  pc.  ii.  p.  461, 
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what  Mr.  Delaval  had  reported.  Trying 
different  pieces  of  cryftal,  he  found  one  which 
inftead  of  having  its  virtue  increafed  by  cool- 
ing, was  fenfibly  increafed  by  heating.  Af- 
terwards trying  all  the  reft  which  he  had  by 
him,  whether  Swedifli  cryftal,  or  ifland,  he 
found  the  effeQ.  to  be  the  fame.  From  this 
he  inferred,  that  the  cryftals  which  he  had 
were  of  a  quite  different  kind  from  that  of 
Mr.  Delaval  *. 

SECTION      V. 

Mr.  CANT0N*8  experiments  and  dis- 
coveries RELATING  TO  BODIES  IMMERG- 
ED  ni.  ELECTRIC  ATMOSPHERES,  WITH 
THV  DISpOVBRIES  OP  OTHERSi  MADE  BV 
PORSOINQ  THEM. 

IN  this  fedion  I  fliall  prefent  my  reader 
with  the  fineft  ferics  of  experiments  that 
the  whole  hiftory  of  ele<3ricity  can  exhibit, 
and  in  which  we  ihall  fee  dtfplayed  the  geni-, 
tu  and  addrefs  of  four  of  the  moA  eminent 
eledriciane  in  this  whole  period;  viz.  Mr. 
Canton  and  Dr.  Franklin,  £nglifhmen>  and 
Meffrs.  Wilcke  and  iEpinus,  foreigners.  Mr. 
Canton  had  the  honour  to  take  the  lead,  and  he 
.  made  all  the  effential  experiments.  Dodor 
Franklin  profeffedly  purfued  them ;  and 
though  al/  hisjirength  he  put  not  Johh  on 

*  Phil.  Traar.  Vol.  liii.  pt.  i.  p.  98, 
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this  occafion*  he  diverftfied  the  experiments* 
9nd  made  fbme  improvement  in.  the  method 
<^  accounting  for  them.  But  Meflrs.  Wilcke 
and  ^pinus  in  coojundlon  carried  the  expe<- 
riments  vaftly  farther,  and  c<»]ipleted  the 
difcovery;  which  is,  certainly,  one  of  the 
greateft  that  has  been  made  fince  the  time  of 
Dr.  Franklin.  I  fay  the  time  of  Dr.  Frank.- 
Hd,  though  he  himielf  be  one  of  the  perfons 
concerned  j  for  by  the  time  of' Dr.  Franklin  wiH 
always  be  underftood  the  time  in  which  he 
made  hia  capital  difcoveries  in  America.  This 
will  always  be  a  diftinguiflied  cpocha  in  the 
liiflory  of  electricity,  from  which  all  bis  own 
future  difcoveries  will  be  dated. 

The  original  experiments  in  this  fedion, 
when  Mr.  Canton  firft  pubtLfhed  them,  in 
his  ufual  concife,  though  perfpicuous  man- 
ner, without  any  preamble,  to  inform  ns  how 
he  was  led  to  them,  exhibit  fuch  a  variety  of 
attradions  and  repulfions  of  eledriBed  b«- 
dies  in  diiFerent  circumftancee,  as  looked  like 
the  power  of  magic  ;  and  were  they  conduflj- 
ed  with  a  little  art,  I  do  not  know  any  dec- 
trical  experiments  (made  without  light,  or 
noife)  more  proper  for  a  deception  of  this 
kind.  But  when  they  are  attentively  confi- 
dered,  they  demonftrate  a  remarkable  pro^ 
perty  of  all  eledrilied  bodies,  which  has  of- 
ten been  referred  to  in  the  courfe  of  this;  hif- 
tory,  l^ut  which  had  not  been  attended  to  he* 
for^;  nor  indeed  do  I  apprehend  that  it  was 
fully  underftood,  till  it  was  explained  in  all 
its  extent  by  Mr.  Wilcke  and  ^pinus.  It  is, 
7  ^hat 
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that  the  elefiric  fluid,  when  there  is  a  redun- 
dancy of  it  in  any  body,  repels  the  eleftric 
fluid,  in  any  other  body,  when  they  are 
brought  within  the  fphere  of  each  other*8  in- 
0uence,  and  drives  it  into  the  remote  parts  of 
the  body;  or  quite  but  of  it,  if  there  be  any 
outlet  for .  that  purpofe.  In  other  words, 
bodies  immerged  in  eledric  atmofpheres  ial- 
ways  become  pofleffed  of  the  eleiflricity,  con- 
trary to  that  of  the  bpdy,  in  whofe  atmofphere 
they  are  immerged.  This  principle  purfued 
led  them  to  the  method  of  charging  a  plate  of 
air,  like  a  plate  of  glafs,  and  to  make  the 
moft  perfect  imitation  of  the  phenomena  of 
thunder  and  lightning. 

The  paper,  containing  an  account  of  Mr, 
Canton*8  experiments,  was  read  at  the  Royal 
Society,  December  the  6th,  175^^ 

Mr.  Canton  fufpended  cork  balls,  one 
pair  by  linen  threads,  and  another  pair  by 
filk ;  then  holding  the  excited  tube  at  a  con- 
fiderablc  diftance  from  the  balls  with  the  linen 
thread,  they  feparated ;  and,  upon  drawing 
it  away,  they  immediately  came  together: 
but  he  was  obliged  to  bring  the  excited  tube 
much  nearer  to  the  balls  hanging  by  filk 
threads,  before  they  would  feparate;  though 
when  the  tube  was  withdrawn,  they  continu- 
ed feparate  for  fome  time. 
-  As  the  balls  in  the  former  of  thcfe  experi- 
ments were  not  infulated,  Mr.  Canton  ob- 
serves, that  they  could  not  properly  be  laid  to 
be  electrified ;  but  that  when  they  hung  with- 
in tlie  atmofphere  of  the  excited  tube,  they 
might 
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might  attra£l  and  condenfe.the  eleftric  fluid 
round  about  them,  and  be  feparated  by  the 
repulfion  of  its  particles.  He  conje£lure8  al- 
fo,  that  the  balls,  at  this  time,  contain  lefs 
than  their  common  fhare  of  the  eledtric  fluid, 
on  account  of  the  repelling  power  of  that 
which  furrounda  them,  though  fome  may  be 
continually  entering  and  pafllng  through  the 
threads.  And  if  that  be  the  cafe,  he  fays, 
the  reafon  is  plain  why  the  balls  hung  by 
filfc  in  the  fecond  experiment  muft  be  in  a 
much  more  denfe  part  of  the  atmofphere  of 
the  tube  before  they  will  repel  each  other.  He 
adds,  that  at  the  approach  of  an  excited  flick 
of  wax  to  the  balls,  in  the  firft  experiment, 
the  eleiftric  fire  is  fuppofed  to  come  through 
the  threads  into  the  balls,  and  to  be  condenfed 
there,  in  its  paflage  towards  the  wax ;  fincc, 
according  to  Dr.  Franklin,  excited  glafs 
emits  the  eleftric  fluid,  and  excited  wax  re- 
ceives it. 

When  two  balls,  fufpended  by  linen 
threads  upon  an  infulated  tin  tube,  were  elec- 
trified pofitively,  and  had  feparated ;  he  ob- 
ferved,  that  the  approach  of  the  excited  tube 
would  make  them  come  nearer  together ;  if 
brought  to  a  certain  diftance,  they  would 
touch;  and  if  brought  nearer,  they  would  fe- 
parate  again. 

In  the  return  of  the  tube,  they  would  ap- 
proach each  other,  till  they  touched,  and  then 
repel  as  at  firft.  If  the  tin  tube  was  electrifi- 
ed by  wax,  or  the  wire  of  a  charged  phial  j 
the  balls  would  be  afFeded  in  the  fame  man- 
U  ner 
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ner  at  the  approach  of  excited  wax,  or  the 
wire  of  the  phial.  If  the  cork  balls  were  elec- 
trified by  glafs,  their  replufion  would  be  in- 
creafcd  at  the  approach  of  an  excited  flick  of 
wax.  And  the  effc&.  would  be  the  fame,  if 
the  excited  glafs  was  brought  towards  themt 
when  they' had  been  electrified  by  wax. 

The  bringing  the  excited  glafs  to  the  end, 
or  edge  of  the  tin  tube,  in  the  former  of  thefe 
experiments,  is  by  Mr.  Canton  fuppofed  to 
eleflrify  it  pofitively,  or  to  add  to  the  eleflric 
fire  it  before  contained ;  and  therefore  fome 
will  be  funning  oiF  through  the  balls,  and 
they  will  repel  each  other.  But  at  the  ap- 
proach of  excited  glafs,  which  likewife  emits 
the  eledric  fluid,  the  difcharge  of  it  from  the 
balls  will  be  diminifhed,  or  part  will  be  driven 
back,  by  a  force  acting  in  a  contrary  direc- 
tion, and  they  will  come  nearer  together.  If 
the  tube  be  held  at  fuch  a  diftance  from  the 
balls,  that  the  excefs  of  the  denfity  of  the 
fluid  round  about  them  above  the  common 
quantity  in  air,  be  equal  to  the  excefs  of  the 
denfity  of  that  within  them  above  the  com- 
mon quantity  contained  in  cork,  their  repul- 
fion  will  be  quite  deftroyed.  But  if  the  tube 
be  brought  nearer,  the  fluid  without  being 
more  denfe  than  that  within  the  balls,  it  will 
'be  attrafted  by  them,  and  they  will  recede 
from  each  other  again. 

Mr.  Cantos  farther  obferves,  that  when 
the  apparatus  has  lofl  part  of  its  natural 
ftore  of  this  fluid,  by  the  approach  of  excited 
wax  to  one  end  of  it,  or  is  eledrified  negative- 
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\f,  the  eledric  fire  is  attrad^ed  and  imbibed 
by  the  balls,  to  fupply  the  deficiency;  and 
that  more  plentifully  at  the  approach  of  ex-» 
cited  glafs,  or  a  body  pofitively  eleflrified* 
than  before ;  whence  the  diftance  between  the 
balls  will  be  increafed,  as  the  fluid  furround-' 
ing  them  is  augmented.  And,  in  general, 
whether  by  the  approach  or  recefs  of  any 
body,  if  the  difference  between  the  denfity  of 
the  intern^  and  external  fluid  be  Increafed^ 
or  diminiihed ;  the  repulfion  of  the  balls  will 
be  increafed,  or  diminifhed  accordingly. 

He  obferved,  that  when  the  infulated  tin 
tube  was  not  eledrified,  if  the  excited  glafd 
Was  brought  towards  the  middle  of  it,  the 
balls  hanging  at  the  end  would  repel  each 
other,  and  Uie  more  fo  as  thd  excited  tubtf 
was  brought  nearer.  When  it  had  been  held 
a  few  feconds,  at  the  diftance  of  about  fix 
inches,  and  withdrawn,  the  balls  would  ap- 
proach each  other  till  they  touched ;  and,  fe- 
parating  again,  as  the  tube  was  removed  far- 
thet,  would  continue  to  fepel  when  the  tube 
was  taken  quite  away.  This  laft  repulfiori 
would  be  increafed  by  the  approach  of  excit- 
ed glafs,  and  diminjfhed  by  that  of  excited 
wax ;  juft  as  if  the  apparatus  had  been  elec- 
trified by  wax,  after  the  manner  dcfcribed  in 
the  lafi  tfxpei'iment. 

He  infulated  two  tin  tubes,  which  may  be 
diftinguifhed  by  calling  them  A  and  B,  fo  ai 
to  be  in  a  line  with  each  other,  and  half  an 
inch  afunder,  and  at  the  remote  end  of  each 
fiifpended  a  pair  of  cork  balls.  Then,  upon 
U  2    '  bring- 
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bringing  the  excited  glafs  tube  towards  the 
middle  of  A,  and  holding  it  a  (hort  time  at 
the  diftance  of  a  few  inches,  he  obferved  each 
pair  of  balls  to  feparate.  Upon  withdrawing 
the  tube,  the  balla  of  A  would  come  together, 
and  then  repel  each  other  again,  but  thofe  of 
B  would  hardly  be  affe<5led.  By  the  ap- 
proach of  excited  glafs  the  repulfion  of  the 
balls  of  A  would  be  increafed,  and  thofe  of 
B  diminiflied*. 

In  the  former  of  thefe  experiments,  Mr. 
Canton  fuppofes  the  common  ftock  of  eledric 
matter  in  the  tin  tube  to  be  attenuated  about 
the  middle,  and  to  be  condenfed  at  the  ends, 
by  the  repelling  power  of  the  atmofphcre  of 
the  excited  glafs  tube,  when  held  near  it.  And 
perhaps,  he  fays,  the  tin  tube  may  lofe  fome 
of  its  natural  quantity  of  theeledric  6uid  be- 
fore it  receives  any  from  the  glafs,  as  that 
fluid  will  more  readily  run  off  from  the  ends 
or  edges  of  it  than  enter  at  the  middle;  and 
accordingly,  when  the  glafs  tube  is  with- 
drawn, and  the  fluid  is  again  equally  diifufed 
through  the  apparatus,  it  is  found  to  be  elec- 
tritied  negatively;  fmce  excited  glafs  brought 
under  the  balls  will  increafe  their  repulfion. 

In  the  latter  of  the  experiments,  Mr.  Can- 
ton fuppofes  that  part  of  the  fluid  driven  out 
of  one  tin  tube  enters  the  other,  which  is 
found  to  be  ele<2rified  pofitively,  by  the  de- 
crealing  of  the  repulfion  of  its  balls  at  the  ap- 
proach of  excited  glafs. 
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It  will  readily  be  feen  that,  at  the  time 
thefe  experiments  were  made,  Mr.  Canton  re- 
tained the  common  idea  of  eleflric  atmof- 
pheresj  whereas, it  will  appear  by  the  experi- 
tnents  of  Meflrs.  Wilcke  and  ,^pinus  (which 
in  fa£t  contain  nothing  more  than  thofe  ©f 
Mr.  Canton)  that  they  tend  to  refute  the  com-  ' 
mon  opinion,  and  are  much  eafier  explained 
upon  the  fuppofition,  that  the  portion  of  fluid 
belonging  to  any  eledrified  body  is  conftant- 
ly  held  in  contadl,  or  very  nearly  in  contat?, 
with  the  body;  but  ads  upon  the  cletSricity 
of  other  bodies  at  a  certain  diftance. 

Dr.  Franklin  purfued,  or  rather  diverfi- 
fied  the  experiments  of  Mr.  Canton,  but  re- 
taining, likewife,  the  common  opinion  of 
cledric  atmofpheres,  he  thpught  that  the  phe- 
nomena were  more  eafily  explained  upon  the 
fuppofition,  that  thefe  atmofpheres,  being 
brought  near  each  other,  did  not  ealily  mix, 
and  unite  into  one  atmofphere,  but  remained 
feparate,  and  repelled  each  other  ;  and  more- 
over, that  an  eledrlc  atmofphere,  would  not 
only  repel  another  eledric  atmofphere,  but 
alfo  the  eleilric  fluid  contained  in  the  fub- 
ftanoe  of  a  body  approaching  It,  and,  without 
joining  or  mixing  with  it,  force  it  into  the 
other  parts  of  the  body  that  contained  it. 

Though  it  muft  be  difficult  to  affign  a  rea- 
fon  why  the  particles  of  one  atmofphere 
fhould  repel  the  particles  of  another  atmo- 
fphere, or  of  the  fluid  contained  in  another 
body  with  more  force  than  they  repel  one  an- 
other, or  the  particles  of  the  fluid  contained 
U  3  in 
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in  the  body  to  whiph  they  belong,  fincc  the 
matter  is  the  fame  in  both ;  yet  this  idea  of 
the  mutual  repulfion  of  eledric  atmofpheree, 
could  it  once  be  fuppofed,  will  certainly  and 
plearly  account  for  all  the  fads ;  and  tho 
theory  pieafea  on  account  of  its  fimpUcity. 
But  the  fame  appearances  will  be  accounte4 
for,  in  ^  planner  as  iimple  and  intelUgiblej 
upon  the  fuppoiition,  that  th;  portion  of 
(sledric  fluid  belonging  to  each  body,  being 
ftrongly  attra£ted  by  the  body,  is  held  in  clofe 
jcontaft  with  it ;  but  that  it  a^s  by  repulfion 
upon  the  eleftric  fluid  belonging  to  other 
bodies,  at  a  diilance  from  them  i  and  that  the 
eledric  fluid  doth  jiot  adually  pafs  out  of  one 
body  into  another,  till  it  have  tirft  repelled 
the  fluid  put  of  the  other  body,  and  then  be 
more  ftrongly  attraflcd  by,  the  other  body,  than 
by  its  own ;  which  has  already  got  more  thari 
its  natural  ihare. 

The  paper  containing  an  account  of  thefe 
experiments  of  Dr.  Frankliri  was  read  at  the 
Royal  Society,  December  the  i8th,  1755, 
His  apparatus  was  different  from  that  of  Mr. 
Canton,  but  flill  he  exhibited  the  fame  effeds 
proceeding  from  the  fame  caufe.  He  fixed  a 
taffel  of  fifteen  or  twenty  threads,  each  three 
inches  long,  at  one  end  of  his  prime  conduc- 
tor, which  was  five  feet  long  and  four  inches 
in  diameter,  fupported  by  filk  lines.  The 
threads  were  a  little  damp,  but  not  wet. 

In   thefe  circumAances,    an    excited   tube 

brought  near  the  end  of  the  prime  conduc- 

\oft  oppofite  to  ^he  threads,  fo  as  (o  give   it 
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feme  fparks,  made  the  threads  diverge,  each 
Aread  having  thereby  acquired  its  feparflte 
eie£lric  atmofphere. 

In  this  flate»  the  approach  of  the  excited 
tube,  without  giving  any  fparks,  made  the 
threads  diverge  more;  but,  being  withdrawn, 
they  clofed  as  much ;  the  atmofphere  of  the 
condu&or  being  driven  by  that  of  the  tube  in- 
to the  threads,  and  returning  again  upon  with- 
drawing the  tube,  which  had  then  left  no  part 
of  its  atmofphere  behind  it. 

The  excited  tube  brought  under  the  divei^- 
ing  threads  made  them  clofe  a  tittle,  having 
driven  part  of  their  atmofpheres  into  the  con- 
duflor.  Upon  being  withdrawn,  they  di- 
verged as  much ;  that  portion  of  th«r  atmo- 
fpheres which  they  had  loft  returning  again 
from  the  condui^r,  and  the  tube  having  left 
DO  part  of  its  own. 

The  excited  tube,  held   at  the  diftance  of 
five  or  fix  inches  from  the  end  of  the  conduc- 
tor oppofite  to  the  threads,  made  them  fepa- 
rate,  and,  upon  being  withdrawn,  they  came 
.  together  again :  but  if,  in  their  ftate  of  repa- 
ration, a  fpark  was  taken  from  the  condu^or 
•    near  them,  they  would  clofe ;  and,  upon  re- 
moving the  tube,  would  feparate.     The  tube, 
in  both  cafes,  left  no  part  of  its  atmofphere 
behind  it.     It  only  drove  the  t^atural  quanti- 
ty of  ele<ftricity  contained   in  the  condudlor 
towards  the  threads;  and  part  of  that  being 
taken  away  by   the  fpark,  the   tube  would 
leave  the  condu^or  and  threads  negative,  in 
U  4  which 
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which  cafe,  they  would  repel  one  another,  ai 

if  they  had  been  eleiflrined  pofitively. 

In  this  fituation,  if  the  excited  tube  was 
brought  near  the  condudor,  they  would  clofe 
again  ;  the  atraofphcre  of  the  tube  forcing 
that  of  the  conduiftor  into  the  threads,  to  fup- 
ply  the  place  of  what  they  had  loft  :  but,  up- 
on withdrawing  the  tube,  they  would  open 
again;  the  tube,  as  before,  taking  its  whole 
atmofphere  away  with  it.  When  the  excited 
tube  was  brought  under  the  threads,  diverg- 
ing with  negative  electricity,  they  diverged 
more;  the  atmofphere  of  the  tube  driving 
away  more  of  the  atmofpheres  cf  the  threacls, 
and  giving  them  none  in  its  place. 

Lastly  the  Doftor  brought  the  excited 
tube  near  the  prime  conduflor,  when  it  was 
not  electrified;  and  when  the  threads  were, 
thereby,  made  to  diverge,  he  brought  his 
fingernear  them,  and  obferved,  that  they  re- 
ceded from  it.  This  appearance  had  been 
taken  notice  of  by  Mr.  Haukfbee,  and  others. 
Dr.  Franklin  accounts  for  it  by  fuppoiing, 
that  when  his  finger  was  plunged  into  the  at- 
mofphere of  the  glafs  tube,  part  of  its  natural 
eledricity  was  driven  back,  through  his  hand 
and  body,  fo  as  to  leave  the  finger  negatively 
eledrified,  as  well  as  the  threads;  in  which 
cafe  they  muft  neceflarily  repel  one  another. 
To  confirm  this  hypothelis,  he  held  a  flender 
lock  of  cotton,  two  or  three  inches  long,  near 
the  prime  condudor,  eledrified  by  excited 
glafs,  which  made  the  cotton  ftrctch  itfclf  to- 
wards 


ELECTRIC  ATMOSPHERES.  297 
■wards  the  condu£tor ;  and  obferved,  that,  in 
this  ftate,  it  woukl  recede  from  the  finger  of 
his  other  hand,  at  the  fame  time  that  it  was 
attraSed  by  a  wire  of  a  bottle  charged  po- 
fitively*. 

These  experiments  of  Dr.  Franklin,  made 
in  purfuance  of  thofe  of  Mr.  Canton,  were 
confirmed,  as  I  obferved  before,  and  carried 
much  farther  by  Meffrs.  Wilcke  and  ^pinus. 

Mr.  WiLCKE  obferves,  that  a  fm all  body 
immerged  in  any  eledtric  atmofphere,  if  it  be 
touched  by  no  other  body,  and  be  withdrawn 
before  it  be  repelled,  fcaree  ever  fliows  any 
fign  of  eleftricity;  if  any,  it  is  of  the  fame 
kind  with  that  of  the  body  into  whofe  atmo- 
fphere it  was  plunged -f-.  If  any  body,  com- 
municating with  the  ground,  he  brought  to 
this  light  body,  while  it  remains  immerged 
in  the  atmofphere  of  the  eleflrified  body,  it  is 
firfl:  attra£ted,  and  then  repelled  by  it.  If  a 
point  be  prefented  to  this  light  body,  and  af- 
terwards withdrawn,  it  will  be  found  to  have 
acquired  an  etedricity  oppofite  to  that  of  the 
ele£trified  body.  From  this  he  concludes,  that 
parts  of  non-eleftric  bodies,  plunged  in  elec- 
tric atmofpheres,  acquire  an  eleftricity  oppo- 
fite to  that  of  the  atmofphere  in  which  they 
are  phmged  J. 

He  placed  two  large  infulated  conduiiors 
with  their  ends  oppofite  to  one  another,  and 
a  cork  ball  fufpended  on  filk  between  them; 
and  obferved,  that,   upon  the  application  of 

•  Phil.  Tranf.  Vol.  xUx.  pt.  i.  p.  300. 
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I  the 


298  VnLCKE  AND  iPINUS  OH 
the  excited  glafs  tube  to  one  end  of  either 
of  them,  the  cork  ball  would  play  between 
them  very  fail ;  and  if  the  tube  were  held 
a  while  at  the  fame  diilance,  would  be  at 
reft.  Upon  withdrawing  the  tube,  the  mo- 
tion of  the  cork  ball  began  again,  and,  at 
,  length,  ceafed  gradually  as  before.  If  the 
condudlors  were  removed  from  one  another, 
while  they  were  within  the  atmofphete  of  the 
tube,  they  would,  upon  being  brought  to- 
gether again,  give  a  fpark.  This  experiment 
contirmed  the  demonilration,  that  the  part  of 
a  body  which  is  immerged  in  the  atmofphere 
of  an  electrified  body  acquires  the  contrary 
eledricity  *. 

But  the  moft  complete  demonftration  of 
this  general  maxim  is  an  experiment  of  Mr. 
^pinus.  He  placed  a  fmall  weight  upon  one 
end  of  a  large  metallic  condudor,  and,  by 
means  of  a  filk  ftring,  removed  it  froin  the 
condudor,  while  the  end  on  which  it  refted 
was  immerged  in  the  atmofphere  of  an  elec* 
triiied  body ;  and  found  that  it  had  a&ually 
acquired  a  different  ele^ricity  from  that  of  the 
atmofphere.  If  the  end  of  the  condu&or, 
oppofite  to  that  on  which  the  moveable  weight 
was  placed,  was  made  to  communicate  with 
the  earth,  IHll  that  part  of  it  which  was  near 
the  excited  eletSlric  was  affedted  with  the  op- 
pofiteeicftricity.  Placing  the  moveable  weight 
on  the  oppofite  end  of  the  conduftor,  when  it 
was  infulated,  he  found  that  it  had  fumetimes 

•  Wilckf,  p.  78. 
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itcqQired  an  ele&icity  coottary  to  that  of  the 
excited  eledric,   fometimes  the  fame  elec-  • 
tiicity.  though  weak,  and  fometimes  no  elec- 
tricity at  all  *. 

The  fame  ingenious  philofopher  confider- 
ed  that  the  fame  .principle  muft  extend  to 
glafs,  and  all  other  electrics;  lince  they,  a» 
well  as  conduiflors,  Contain  a  certain  quantity 
of  the  ete^ric  fluid,  in  their  natural  ftate. 
To  verify  this,  he  took  a  glafs  tube,  and  elec- 
trified one  end  of  it  pofitively.  The  confe- 
quence  was,  that  four  or  five  inches  of  that 
end  were  pofitive ;  hut  beyond  that  there 
were  two  inches  negative ;  and  beyond  that 
the  tube  wa»  again  pofitive,  though  weakly 
fo.  This  experiment  he  repealed  very  often 
with  the  fame  fuccefs ;  as  alfo  when,  inftead 
of  glafs,  he  ufed  a  folid  ftick  of  fulphur.  To 
account  for  this  fad,  he  fuppofed,  that  the 
electricity  communicated  to  the  end  of  the 
tube  repelled  the  natural  quantity  of  the  fluid 
in  the  glafs  to  fome  diftance.  This  natural 
quantity  retiring  from  its  former  fituation,  he 
fuppofes  to  become  condenfed,  and  confe- 
quently  to  repel  another  quantity  of  the  fluid 
natural  .to  the  glafs  from  its  place ;  and  that 
thus  the  whole  rod  would  be  alternately  pofi- 
tive and  negative.  The  author  aflerts,  that  it 
was  from  theory  only  that  he  was  led  to  this 
curious  experiment,  the  fadl  exactly  corre- 
fponding  to  what  he  bad  before  deduced,  as 
(he  necefiary  confequence  of  Dr.  Franklin's 

*  .i£piiii  TcnUmen,  p.  129. 
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principles    of  negative    and    pofitive  elec- 
tricity *. 

The  hint  of  thefe  experiments  Mr.  iEpinus 
received  from  thofe  above  mentioned  of  Mr. 
Wilcfcc ;  and  thefe  gentlemen,  refiding  at  the 
fame  time  at  Berlin,  purfued  thefe  curious 
experiments  jointly,  till  they  were  led  by 
them  to  difcover  a  method  of  charging  a  plate 
of  air  in  the  fame  manner  as  plates  of  glafs 
had  ufually  been  charged,  and  to  throw  ilill 
more  light  upon  the  theory  of  the  famous  Ley- 
den  experiment. 

In  the  above  mentioned  experiments,  thefe 
gentlemen  obferved,  that  the  negative  ftate 
of  one  of  the  bodies  depended  on  the  oppo- 
fite  ftate  of  the  other,  which  was  known  to 
be  exatSly  the  cafe  of  the  two  fides  of  a  charg- 
ed pane  of  glafs ;  and  the  reafon  of  the  non- 
communication of  the  fame  eleflricity  was 
evidently  the  impermeability  of  the  glafs  to 
the  eledlric  fluid  in  the  one  cafe,  and  the  im- 
permeability of  the  air  in  the  other.  Upon 
this  hint  they  made  feveral  attempts  to  give 
the  eledlric  fhock  by  means  of  air  j  and  at 
length  fucceeded,  by  fufpendJng  large  boards 
of  wood  covered  with  tin,  with  the  flat  fides 
parallel  to  one  another,  and  at  fome  inches  . 
afunder.  Eor  they  found,  that  upon  eledrify- 
ing  one  of  the  boards  pofitively,  the  other 
was  always  negative,  agreeable  to  the  former 
experiment  :  but  the  difcovery  was  made 
complete  and  indifputable  by  a  perfon's  touch- 

•  ^pini  Tcutunen,  p.  192. 
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ing  one  of  the  plates  with  one  hand,  and 
bringing  his  other  hand  to  the  other  plate ; 
for  he  then  received  a  ftiock  through  his 
body,  exadly  like  that-of  the  Leyden  expe- 
riment *. 

With  this  plate  of  air*  as  we  may  call  it, 
they  made  a  variety  of  curious  experiments. 
The  two  metal  plates^  being  in  oppofite  ilates, 
ftrongly  attra^ed  one  another,  and  would 
have  rufhed  together,  if  they  had  not  been 
kept  afunder  by  ftrings.  Sometimes  the  elec- 
tricity of  both  would  be  difcharged  by  a 
ftrong  fpark  between  them,  as  when  a  pane 
of  glafs  burfts  with  too  great  a  charge.  A 
finger  put  between  them  promoted  the  dif- 
charge,  and  felt  the  fhock.  If  an  eminence 
was  made  on  either  of  the  plates,  the  felf-dif- 
charge  would  always  be  made  through  it,  and 
a  pointed  body  fixed  upon  either  of  them  pre- 
vented their  being  charged  at  all. 

The  ftate  of  thefe  two  plates,  they  ex- 
cellently obferve,  juftly  reprefents  the  flale  of 
the  clouds  and  the  earth  during  a  thunder 
ftorm  i  the  clouds  being  always  in  one  ftate, 
and  the  earth  in  the  oppofite ;  while  the  body 
of  air  between  them  anfwers  the  fame  pur- 
pofe  as  the  finall  plate  of  air  between  the 
boards,  or  the  plate  of  glafs  between  the  two 
metallic  coatings  in  the  Leyden  experiment. 
The  phenomenon  of  lightning  is  the  burft- 
ing  of  the  plate  of  air  by  a  fpontaneous  dif-* 
charge,  which  is  always  made  through  emi- 

•  Wikke,  p.  97. 
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nences,  and  the  bodies  through  which  the 
difcbarge  is  made  are  violently  Oiocked  «. 

This,  principle,  they  likewife  thought, 
would  explain  an  obfervation  of  the  Abb^ 
Nollet,  that  eleftricity  was  often  obrerred  to 
be  peculiarly  ftrong,  when  the  room  was  full 
of  company,  and  more  particularly,  when 
numbers  of  them  drew  near  together,  to  fee 
the  experiments.  The  condu^or  was  then  in 
one  ilate,  and  the  company  in  another;  fo 
that,  conftituting  a  large  furface,  when  any 
of  them  took  a  jpark,  as  be  thereby  difcharg- 
ed  the  elediricity  of  all  the  company,  he 
would  feel  it  more  fenfibly  than  ii  he  had 
Itood  finglc  t* 

This  difcovery,  of  the  method  of  giTing 
the  electric  fhock  by  means  of  a  plate  of  air, 
may  be  reckoned  one  of  the  greateft  difco- 
▼eries  in  the  fcience  of  eledricity  fincc  thofe 
of  Dr.  Franklin.  It  is  beautiful  to  obferve 
how  this  fine  difcovery  took  its  rife  from  the 
experiments  of  Mr.  Canton.  Mr.  Canton's 
experiments  were  purfued  by  Dr.  Franklin, 
and  thofe  of  Dr.  Franklin,  purfued  by  thefe 
gentlemen,  produced  the  difcovery.  It  is  one 
and  the  fame  principle  that,  in  different  cir-* 
cumftances,  accounts  for  this  beautiful  feries  of 
experiments. 

This  experiment  of  charging  a  plate  of 
air  is  likewife  related  by  Mr.  ^pinuS,  who 
fays  that  he  was  led  to  the  difcovery,  by  rea« 

*  Wilckr,  p.  loi.  t  I)>i<I*  P*  96'  *«• 
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foning  from  the  confequences  of  Dr.  Frank- 
liii'a  theory. 

From  thefe  experiments  he  was  alfo  led  to 
form  a  more  diftind  idea  of  the  impermeabi- 
lity of  glafs  to  the  eledric  fluid.  For  fince  a' 
plate  of  air  might  be  charged  as  well  as  a 
plate  of  glafsi  that  property,  whatever  it  be, 
muft  be  common  to  them  both;  and  could 
not,  as  Dr.  Franklin  once  fuppofed,  be  any 
thing  peculiar  to  the  internal  ibu^re  of  glafs. 
Impermeability,  he,  therefore,  infers,  miift  be 
common  to  all  ele£lrics;  and  fince  they  caa 
all  receive  eledlricity  by  communication  to  a 
certain  degree,  it  mull  confift  in  the  difficulty 
and  flownefs  with  which  the  ele£lric  fliud 
moves  in  their  pores;  whereas,  inperfe^con- 
dudors,  it  meets  with  no  obAruif^ion  at  all  *. 

It  was  chiefly  this  courfe  of  experiments* 
alfo,  that  led  Mr.  ^pinus  to  deny  the  exif- 
tence  of  eledric  atmofpheres,  confining  of 
effluvia  from  eledrified  bodies. 

He  feems,  however,  to  confider  this  as  a 
bold  opinion ;  iince  he  herein  differs,  as  he 
fays,  from  all  the  eleftricians  who  had  written 
before  him,  and  even  from  Dr.  Franklin  him- 
felf. .  Though  the  common  opinion,  he  fays, 
is  by  no  means  countenanced  by  the  general 
principles  of  this  theory,  which  fuppofe  the 
eledric  fluid  to  move  with  difficulty  through 
every  eledtric  fubftance  like  the  air. 

To  thofe  who  might  lay,  that  an  eleSric 
atmoiphere  is  a  thing  obvious  to  the  fenfes,  . 

.  *  ^pini  TeotaiiiCDi  p.  93. 
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and  no  matter  of  theory ;  fince  it  may  be  felt' 
like  a  fpider's  web  upon  the  hands  or  face;  he 
replies,  that  this  feeling,  together  with  the 
fulphureous  fmell  of  eledrified  bodies,  are  on- 
ly fenfations  excited  by  the  action  of  the  fluid 
in  the  ele^rified  bodies  upon  the  ele^ric  fluid 
in  the  noflrils,  or  the  hand ;  or  upon  thofe 
parts  of  the  body  themfelves  in  an  unelec- 
trified  ftate ;  and  that  they  are  not  felt  by  a 
pcrfon  who  is  not  pofleffed  of  the  fame  kind 
and  degree  of  eleflricity. 

He,  therefore,  thinks  there  never  was  any 
fufficient  reafon  to  admit  thofe  atmofpheres; 
and  declares,  that  whenever  he  ufes  the  word, 
he  means  no  more  by  it  than  ihtfphere  of 
cSiion  of  the  electricity  belonging  to  any  body. 
Or,  he  fays,  the  neighbouring  air,  which  is 
ele3ri(ied  by  it,  may  be  fo  called. 

But  that  thefe  atmofpheres  have  little 
efled  in  eledrical  experiments,  he  fays,  is 
evident  fircm  this  circumftance;  that  if  it  be 
blown  upon  with  a  pair  of  bellows,  the  elec- 
tricity of  the  body  which  it  furrounds  is  not 
fenfibly  diminiflied.  The  eledric  fluid,  he 
fuppofes,  to  refide  wholly  in  the  eleiftrified 
body,  and  from  thence  to  exert  its  attraiftion  or 
repulfion  to  a  certain  diftance  *. 

The  fubjeft  of  eleftric  atmofpheres  had  not 
efcaped  the  attention  of  the  accurate  Signios 
Beccaria,  who  was  probably  prior  to  Mr.  ^pinu» 
in  fuppofing,  that  eledrified  bodies  have  no 
other  atmofphere  than  the  elei^ricity  commu- 

*  j^pini  TcQUmes,  p.  157. 
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hicated  to  the  neighbouring  air,  and  which 
goes  with  the  air,  and  not  with  the  ele<Sri6ed 
bodies,  agreeable  to  that  curious  difccJ-very  of 
his  mentioned  above. 

He  alfo  mentions  An  experiment,  which, 
he  thinks,  direftly  proves,  that  all  the  elec- 
tricity communicated  to  any  body  adheres  to 
its  lurface,  and  does  not  fpread  into  the  air. 
He  eleftrified  a  large  conduftof  of  gilt 
paper,  in  which  the  gilding  was,  in  fercral 
places,  taken  off  quite  round ;  and  obferved 
that  whenever  he  difcharged  it,  by  taking  a 
fpark  at  the  end,  other  fparks  were  vifible  at 
all  the  interruptions ;  the  charge  of  the  more 
■  remote  parts  having  come  off  through  the 
fubftance  of  the  metal,  and  not  along  the  air; 
as  the  greateft  part  of  it,  at  leafl,  might  have 
done,  if  it  had  lodged  there  *. 

It  is  now  alfo  Mr.  Canton*8  opiniori,  that 
eledric  atmofpheres  are  not  made  of  effluvia 
from  excited  or  eledrified  bodies,  but  that 
they  are  only  an  alteration  of  the  ftate  of  the 
eleftric  fluid  contained  in,  or  belonging  to  the 
air  furrounding  them,  to  a  certain  diftance  j 
that  excited  glafs,  for  inftance,  repels  the 
cledtric  fluid  from  it,  and  confequently,  be- 
yond that  diflance  makes  it  more  denfe ; 
whereas  excited  wax  attracts  the  ele^ric  fluid 
exifting  in  the  air  nearer  to  it,  making  it  rarei* 
than  it  was  before. 

This-  will  be  beft  underftood  by  a  figure. 
I^t  A  (PI.  I.  fig.  1.)  reprefent  uncxcited  glafs 


'  ElettricifflKi  inUciaie,  p,  54. 
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or  wax..  B  excited  glafs,  and  C  excited  wax ; 
and  let  the  dots  on  each  fide  of  A  reprefent  a 
line  of  particles  of  the  eledric  fluid  at  their 
proper  diftance  in  a  natural  ftate. 

Let  B  and  C  be  carried  about  where  you 
will  in  the  air,  B  will  make  an  atmofphere 
equally  denfe,  and  C  an  atmofphere  equally 
rare,  while  the  quantity  of  the  elefliric  fluid 
each  of  them  contains  is  the  fame  as  at  firft. 
When  any  part  of  a  cOndu£lor  comes  within 
the  atmofphere  of  B,  the  eledric  fluid  it  na- 
turally contains  will  be  repelled  by  the  denfe 
atmofphere,  and  will  recede  from  it.  But  if 
any  part  of  a  condudor  be  brought  within  the 
atmofphere  of  C,  the  eledlric  fluid  it  natural- 
ly contains  will  be  attra<aed  by  the  rare  at- 
mofphere, and  move  towards  it.  And  thus 
may  the  eledtric  fluid  contained  in  any  body 
be  condenfed  or  rarefied ;  and  if  the  body  he 
a  conductor,  it  may  be  condenfed  or  rarified  in 
any  part  of  it,  and  fome  may  be  eafily  drawn 
out  of,  or  an  additional  quantity  put  into  it. 

It  was  obferved  before,  that  an  experiment 
of  Dr.  Franklin,  which  he  thought  proves  that 
cledtric  atmofpheres  did  not  exclude  the  air, 
might  juftly  make  us  fufpe{^  the  exiftence  of 
thofe  atmofpheres,  fince  the  eledric  matter  is 
known  to  repel  the  air.  Another  experiment 
of  the  fame  nature  was  made  by  Dr.  Darwin 
of  Litchfield,  who  fent  an  account  of  it  to  the 
Royal  Society,  which  was  read  May  the  5th, 
.1757.  He  got  a  glafs  tube,  open  at  one  end, 
and  having  a  ball  at  the  other.  This  ball  and 
half  of  the  tube  he  coated ;  and  when  he  had 
inverted 
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averted  it,  and  dipped  a  confiderable  part  ot 
it  into  a  veflel  containing  oil  of  turpentine,  hd 
Introduced  a  wire  into  it,  and  charged  it ;  and 
'obferved,  th»t  the  oil  did  not  at  all  appear  to 
fubfide.  Vrom  this  he  concluded,  that  the 
eledric  atmofphere,  flowing  round  the  wire 
and  the  coating  the  tube»  above  the  oiU  did 
not  difplace  the  air,  but  exifted  in  its  pores  *. 

An  experiment  fimilarto  that  of  Dr.  Frank- 
lin and  that  of  Dr.  Darwin  was  made  by 
Siguier  Beccaria.  He  took  a  coated  phial,  and 
when  he  had  inferted  into  it  a  fmall  glafs  tube,- 
bent  horizontally  when  it  came  out  of  the 
phial ;'  he  clofed  it  with  cement,  and  prefent- 
ed  light  afhes  to  the  extremity  of  the  tube,  the 
orifice  of  which  was  very  fine;  and  always 
found,  that  the  afhes  were  blown  off,  when 
a  fpark  was  taken  into  the  phial,  but  they 
returned  towards  the  end  of  the  tube  after- 
■wardsf.  It  is  probable,  that  the  metal  not 
being  fufficientiy  in  cbntail  with  the  infide 
coating,  a  fpark  was  made  in  the  infide, 
which  expelled  the  air,  and  caufed  the  mo- 
tion in  the  afhes.  The  faireft  method  of  try-* 
ing  it  would  be  with  a  phial,  in  which  the 
metal  that  received  the  fire  from  the  conduc- 
tor, ihould  be  a  produdioq  of  the  inward 
coating. 

•  PfciJ.  TMnf.  Vol.  I.  p(.  I.  p.  3^1. 

t  Lettfrc  dell'  elciuictuno,  p.  79.  : 
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Mr.  SYMMER*8  experiments  relating 
to  the  two  electricities,  and  those 
MADE   By  JOHANNES   FRAMaSCUS 

CIGNA  IN  PURSUANCE  OF  THEM. 

IT  had  hitherto  been  univerfally  fuppofed, 
that  all  the  phenomena  of  elefhicity  were 
produced  by  the  action  of  one  eleftric  fluid. 
Even  Mr.  Du  Fay,  at  the  time  that  he  ima- 
gined he  had  difcovered  another  electric  fluid, 
diftioft  from  that'of  glafs,  and  peculiar  to 
rofin,  &c.  thought,  however,  that  it  was  quite 
independent  of  the  other,  and  that  their  ope- 
rations were  never  combined.  Dr,  Watfon, 
'  and  Dr.  Franklin  thought  it  was  very  eviden;t, 
that  the  difference  between  the  two  ele^ici- 
ties  confined  in  the  one  being  a  redundancy, 
and  the  other  a  deficiency  of  the  fame  matter. 
And  all  the  experiments  that  had  been  made 
concerning  the  two  eledtricities  feemed  to  con- 
firm this  hypothefis.  At  length,  however^ 
Mr.  Synimer  produces  a  great  number  of  cu- 
rious experiments^  relating  to  the  fame  fub- 
jeft ;  and  infers  from  them  the  probable 
exiftence  of  two  eleBric  jiui4si  not  independ- 
ent, hut  always  co-cxiftent,  and  counteratt- 
mg  one  another. 

The  firft  fet  of  his  experiments  are  very 

remarkable,  but  he  does  little  more  than  re- 

kte  naked  fa&s.    They  were  diverlified;  and 

2  purfued 
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purfued  much  farther  by  Mr.  Cigna,  of 
Turin,  who  has  alfo .  explaintd  them  tipon 
the  principles  of  Dr.  Franklin*8  theory ; 
though  he  was  of  opinion,  that  no  experi- 
ments that  had  yet 'been  made  were  decifive  ia 
favour  of  eitherof the  two  hypothefe's.  Few 
hiftories  of  experiments  are  more  entertain- 
ing than  the  firft  of  thefe  of  Mr.  Symmer ; 
the  fuhfequent  experiments  are  lefs  fatisfac- 
tory.  The  papers  relating  to  them  all  were 
read  at  the  Royal  Society  in  the  year  1759  •. 

This  gentleman  had  for  fome  time  ob- 
ferved,  that  upon  putting  oflF  his  ftockings,  in 
an  evening,  they  made  a  crackling  or  fnap- 
ping  noife,  and  that,  in  the  dark,  he  could 
perceive  them  to  emit  Sparks  of  fire.  He  had 
no  doubt  but  that  this  proceeded  from  the 
principle  of  electricity,  and,  after  a  great 
number  of  obfervations,  to  determine  on 
what  circumfiances  thofe  ftrong  eledrical  ap- 
pearances depended,  he  found,  at  length, 
that  it  was  the  combination  of  white  and 
black  :that  produced  the  electricity ;  and  that 
the  appearances  were  the  ftrongeft  when  he 
wore  a  white  and  black  filk  flocking  upon  the 
fame  legf.  Thefe,  however,  difcovered  no 
fign  of  eleftricity  while  they  were  upon  the 

■  Phil.  Tranf.  Vol.  H.  pt.  i.  p.  ,140. 

+  The  Abbe  NoUei,  in  repealing  thtfe  eipenmenti  of  Mr. 
Symmer,  found,  ihit  it  was  not  abfoluiely  necelTarjr,  thai  one  , 
of  the  ftockingi  {ttoaU  be  bl^ck,  for  ihst,  if  one  of  them  wu 
only  iipprii  id  a  decoAion  of  gall-nats,  which  doth  not  dye 
tbem  black,  but  U  oaly  a  preparative  to  it,  ii  woold  have  the 
(iiMtfftBt.    Nollci'a  jleitrc,  Vol.  iii.  p.  41.. 

X  3  leg, 
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leg,  or  hand  (for  he  found  that  his  hand  .wa* 
fufficient)  though  they  were  drawn  back* 
wards  ^nd  forwards  ppon  it  feveral  times. 
Nor  when  taken  from  the  hand,  and  prefent-r 
ed  to  an  eledrometer  (i.  e.  Mr.  Canton*s  balls) 
did  they  appear  to  have  acquired  any  more 
than  a  very  fmall  degree  of  eledrici^  j  but 
the  moment  they  were  feparated,  they  were" 
found,  both  of  them,  to  be  highly  ele^rifi'T 
ed,  the  white  pofitively,  and.  the  black  ne- 
gatively. 

Both  the  Aockings,  when  held  at  a  diilance 
from  one  another,  appeared  inflated  to  fuch 
a  degree,  that,  when  highly  elearilied,  they 
exhibited  the  intire  fiiape  of  the  leg;  and 
when  two  black,  or  two  white  ftockings  were 
held  together,  they  would  repel  one  another, 
fo  as  to  form  an  angle,  feemingly,  gf  thirty  or 
thirty-five  degrees. 

When  a  white  and  black  flocking  were 
prefented  to  ejich  other ;  they  would  be  mu-p 
tually  attra£ted;,  and,  if  permitted,  would 
rnfh  together  with  furprifmg  violence.  la 
their  approach  their  inflation  gradually  fub- 
fided,  and  their  attraction  of  foreign  objeias 
diminiftied,  but  their  attraction  of  one  an- 
other increafed.  "When  they  adlually  met, 
they  grew  flat,  and  joined  as  clofe  together, 
as  if  they  had  been  fo  many  folds  of  filk. 
When  they  were  feparated,  their  eleClricity 
did  not  feem  to  have  been  in  the  leaft  impair- 
ed by  the  ftiock  of  meeting  ;  for  they  wo^ld 
be  again  inflated,  attraft,  repel,  and  ruih  to- 
gether as  before. 

Whe« 
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When  thisexperimentiyas  performed  with 
two  Jflack  Hockings  in  one  hand,  and  two 
white  ones  in  the  other,  it  exhibited  a  curi- 
ous fpei^acle.  The  repulfion  of  thofe  of  the 
iame  colour  and  the  attra^on  of  thofe  of  dif- 
£;rent  colours,  threw  them  into  an  agitation 
which  was  not  unentertaining,  and  made 
them  catch  each  at  the  oppolite  colour,  at  a 
greater  diftance  than  could  have  been  ex- 
pected. 

When  the  ftockings  were  fcparated  from 
one  another,  they  would  lofe  their  power  very 
foon,  much  like  the  excited  tube;  but  wh^a 
they  were  together,  they  would  retain  it  an 
hour  or  two,  or  longer,  ifthe  air  was. favour- 
able to  electricity.  The  fharpdl  m^allie 
point  could  not  deprive  them  of  it ;  and  when 
they  were  one  within  the  other,  no  means  he 
could  think  of  could  procure  the  leaft  per- 
ceivable difcharge  of  the  electricity.  In  this 
rcfpeft,  Mr.  Symmer  thought  there  was  a 
confiderable  rejfcmblance  betweeri  the  black 
and  the  white  flocking,  when  put  within  one 
another,  and  the  Leyden  phial. 

What  was  ftill  more  remarkable  in  thefe  ' 
experiments  with  the  white  and  black  ftock- 
ings, was  the  power  of  eledrical  cohefion 
which  they  exhibited.  Mr.  Symmer  perceiv- 
ed that  the  white  and  black  ftockings,  when 
electrified,  and  allowed  to  come  together,  not 
only  joined  extremely  clofe,  but  aftually  ftuck 
to  each  other.  By  means  of  a  balance,  he 
found,  that  in  order  to  feparate  them,  it  re- 
quired from  one  to  twelve  ounces.  Another 
X  4  time 


3ie         Mh.  SYMMER  om  the 

time  they  raifed  feventeen  ounces,  which  wa< 
twenty  times  the  weight  of  that  flocking 
which  fupported  them,  and  this  in  a  direct 
tion  parallel  to  its  furface. 

When  one  of  the  ftockjngs  was  turned  la- 
iide  out,  and  put  within  the  other,  it  requir* 
ed  twenty  ounces  to  feparate  them,  though 
.when  they  were  applied  to  each  other  cxter-f 
nally,  ten  ounces  were  fufficient. 

Getting  the  black  ftockings  new  dyedi 
and  the  white  ones  walhed,  and  whitened  in 
the  fumes  of  fulphur ;  and  then  putting  them 
one  within  the  other,  with  their  rough  fidca 
together,  it  required  three  pounds  three  ounce? 
to  feparate  them.  And  he  had  reafon  to 
think  that  the  fulphur  contributed  nothing  to 
the  experiment. 

Trying  this  experiment  with  ftockings  of 
a  more  fubftantial  make,  he  found  the  effedq 
more  confiderable.  When  the  white  flocking 
was  put  within  the  black  one,  fo  that  the  outT 
fide  of  the  white  was  contiguous  to  the  inflde 
of  the  black,  they  raifed  nine  pounds  want- 
ing a  few  ounces,-  which  was  fifty  times  the 
weight  of  the  flocking.  When  the  white 
flocking  was  turned  infuie  out,'and  put  with- 
in the  black  one,  fo  that  their  rough  furfaces 
were  contiguous,  they  raifed  fifteen  pounds 
one  pennyweight  and  a  half,  which  was  nine- 
ty-two times  the  weight  of  the  flocking. 

Having   cut  off   the  ends  of  the  thread, 

and  the  tufts  of  filk,  which  had  been  left  ii^ 

the  infidc  of  the  ftockings,  the  cohefion  was 

fonflderably  diminiflied.     Prefling  them  to- 

.  gather 


TWO  ELECTRICITIES,     aij 

gether  between  bis  hands  contributed  much 
to  ftrengthen  it*. 

When  the  white  and  black  flocking  were 
in  cohefion,  and  another  pair,  more  highly 
eleftrified  were  feparated  from  one  another, 
pnd  prefented  to  the  former,  their  cohefion 
would  be  diflblved;  and  each  flocking  of  the 
fecond  pair  would  catch  hold  of,  and  carry- 
away  with  it,  that  of  its  oppofite  colour.  If 
the  degree  of  ele£tricity  of  both  pairs  were 
equal,  the  cohefion  of  the  former  pair  would 
be  weakened,  but  not  diflblved ;  and  all  the 
four  wbuld  cohere,  forming  one  mafs.  ^  If  the 
fecond  pair  were  but  weakly  elei^rified,  the 
c»hefion  of  the  firft  pair  would  be  but  little 
impaired,  and  the  cohefion  of  the  whole  mafs 
would  be  fmall  in  proportion. 

Mk.  Symmer  alfo  obferved,  that  white  and 
black  filfc,  when  eleftrified,  not  only  cohered 
with  each  other,  but  would  alfo  adhere  to 
bodies  with  broad,  and  even  with  poliflied 
furfaces,  though  thofe  bodies  were  not  elec- 
,  trified.  This  he  difcovered  accidentally,  hav- 
ing, without  delign,  thrown  a  flocking  out 
of  his  hand,  which  fluck  to  the  paper  hang- 
ings of  the  room.  He  repeated  the  experi- 
ment, and  found  it  would  continue  hanging 
pear  an  hour. 

Having  fluck  up  the  black  and  white 
ftockings  in  this  manner,  he  came  with  an- 
other pair  of  ftockings  highly  electrified  ;  and 
applying  the  white  to  the  black,  and  the 

•  PhU.  T»«Df.  Vol.  li.  pt.  i.  p.  39J, 
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black  to  the  white,  he  carried  them  off  from 
the  wall,  each  of  them  hanging  to  that  whidi 
had  been  brought  to  it. 

The  fame  experiments  held  with  the  paint- 
ed boards  of  the  room,  and  likewife  with  the 
looking-glafs,  to  the  fmooth  furface,  of  which 
both  the  white  and  the  black  filk  appeared 
to  adhere  more  tenacioufly  than  to  either  of 
the  former  *. 

A  FEW  obfervations,  fimilar  to  fome  of 
thefe  of  Mr.  Symmer,  were  made  by  Signior 
Alejfandro  Am.adeo  f^audoniut  a  friend  of 
Signior  Beccaria.  He  put  a  beaver  ftiirt  be- 
tween two  others,  which  he  wore  in  extreme 
cold  weather ;  and  whenever  he  put  off  the 
uppermoft  fhirt,  which  he  did  every  day,  he 
found  it  adhered  to  the  beaver  fliirt,  and,  oa 
the  reparation,  eleitric  fparks  were  vifible  be- 
tween thein.  Whenever  he  put  off  the  beaver 
fliirt,  it  adhered  ilill  more  to  the  under  fhirt, 
and  when  held  at  a  conliderable  diAance  from 
it,  would  rufh  to  it.  Thefe  attradions  would 
be  repeated  many  times,  but  they  grew  more 
languid  by  degrees,  till  they  intirely  ceafed. 
Signior  Beccaria,  upon  hearing  of  this  expe- 
riment, repeated  it  with  fome  variation,  and 
found  it  to  anfwer  on  hjmfelf  f. 

Thf  cohefion  of  the  two  ftockings  induced 
Mr.  Symmer  to  try  the  force  of  eledrical  co- 
hefion in  eleiSrified  panes  of  glafs.  For  this 
purpofe,  he  got  two  panes  of  common  window 
glafs,  the  thinneft  apd  the  fmootheft  that  he 

•  Phil.  Tianf.  Vol.  li.  pt.  i.  p.  3^6, 
t  I^elF  •leurkifmo  utificiale,  p  1 97. 

could 
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£0uM  6ndf  and  coated  one  of  the  tides  of  each 
with,  tinfoil,  leaving  a  fpace  uncovered  near 
the  edges.  He  then  put  the  uncovered  tides 
together^  and  charging  them  both  as  one  , 
pane,  he  found,  as  he  expected,  that  their 
cohetioa  was  confiderably  ftrong  :  but  he  had 
po  apparatus  to  meafure  the  Arength  of  it. 
He  then  turned  the  plates  uptide  down,  and 
found  that  the  fame  operation  which  bad  be- 
fore charged  them,  did  now  uncharge  them* 
according  to  the  analogy  of.  thc.Leyden 
phial. 

Placing  two  panes  of  glafs,  each  of  them 
jcoated  on  both  fides,  one  upon  the  other,  he 
•found  that  they  were  both  charged  feparate- 
ly,  and  that  there  was  no  coheliou  between 
them. 

In  purfuance  of  thefe  laft  mentioned  expe- 
.ri)nent$  of  Mr.  Symraer,  and  another  made 
at  Pekin  (which  will  be  recited  prefently)  Sig- 
nior  Becearia  made  the  following,  which  are 
very  curious ;  but  which,  after  the  example 
■  of  the  author,  I  fhall  relate  without  attempts 
ing  an  explanation. 

Having  charged  a  coated  plate  of  glals,  he 
flipped  the  coating  from  off  the  negative  lide, 
and  applied  another,  uncoated  and  uncharged 
plate  of  glafs  cloie  to  it.  After  this,  putting 
a  coating  upon  the  uncharged  glafs  (fo  that 
the  whole  re&mbled  one  coated  plate,  contift- 
iog  of  two  lamina  J  he  formed  a  communica- 
tion between  the  coatings.  The  confequence 
was  an  explolion,  and  a  cohetion  of  the 
plates. 

n,oN.«jrvGoOglc 
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If  he  feparated  the  plates  before  the  explo- 
fion,  after  they  had  been  in  eonjundion  fome 
'time,  the  charged  plate  was  pofitive  on  both 
fides, ,  and  the  uncharged  plate  negative  on 
both  fides.  But  if  he  feparated  them  after  the 
.  explofion,  the  charged  plate  was  negative  on 
both  fides,  and  the  uncharged  plate  pofitive 
on  both  fides. 

If  after  the  explofion  he  feparated  and 
joined  them'again  alternately,  a  fmall  circle  of 
paper,  placed  under  the  uncharged  plate,  ad- 
hered to  it  upon  every  feparation,  and  was 
thrown  off  again  upon  every  conjunflion. 
This  he  could  repeat  even  five  hundred  tibies, 
with  once  charging  the  plate.  This  was  the 
experiment  that  he  fays  was-  made  by  fome 
Jefuits  at  Pefcin,  in  the  year  1755J  and  be- 
ing fent  to  the  Academy  of  Sciences  at  Peterf- 
burgh,  was  pubiiftied  in  their  Memoirs,  vol. 
viii.  p.  276, 

If,  in  thefe  experiments,  the  charged  plate 
was  inverted,  and  the  pofitive  fide  applied  to 
the  uncharged  plate,  all  the  effc<a8  were- 
exaftly  the  reverfe  of  the  former.  If  it  was 
inverted  ever  fo  often,  after  remaining  fome 
time  in  cental  with  the  uncharged  glafs,  it 
would  produce  a  change  in  the  eleftricity.  In 
the  dark,  a  light  was  always  feen  upon  the 
feparation  of  thefe  plates. 

Laying  the  two  plates  together,  like  one 
plate,  and  coating  the  outfides  of  them,  he 
charged  them  both  together,  and,  at  the  dif-* 
tance  of  about  four  feet,  he  diftinguiflied  fix 
of  the  coloured  rings,  which  Newton  defcribes 
in  his  book  of  Optics,  all  parallel*  to  pnc  an- 
other* 
L ,Cot.)'^Ic 
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othCTi  aad  nearly  parallel  to  the  edge  of  the 
coatiqg.  At  the  angles  of  the  coatings  th'tt 
rings  fpread  to  a  greater  diftance ;  where  the 
coatings  did  not  quite  touch  the  glafs>  the 
rings  bent  inwards  ;  and  where  the  coatings 
adhered  very  clofe,  they  retired  farther  from 
them.  Upon  difcharging  thefe  two  plates, 
the  coloured  rings  vanilhed,  and  the  e)e£trie 
cohefion  (which  Mr.  Symmer  had  obferved  ia 
this  cafe)  ccafed  with  them. 

Upon  feparating  thefe  plates  before  Hit 
explofton,  that  which  had  received  the  pofi- 
tive  eledricity  was  pofitive  on  both  fides,  and 
the  other  negative  on  both  fides.  If  they 
were  feparated  after  the  explofion*  each  of 
them  (as  in  the  former  experiment)  was  af- 
fected in  a  manner  *juft  the  reverfe  o£  this. 
Upon  inverting  thefe  plates,  that  which  was 
the  thinner  appeared  to  be  poiTelTed  of  the 
ftronger  eleftricity,  and  (like  the  charged  plate 
in  the  former  experiment)  brought  the  other 
to  correfpond  to  it. 

Charging  the  two  plates  feparately,  and 
taking  off  two  of  the  coatings,  fo  as  to  place 
the  two  pofitive  or  the  two  negative  fides  to- 
gethet*,  there  was  no  cohefion  or  explofion. 
But  joining  a  pofitive  and  a  negative  fide,  they 
cohered,  and  a  communication  being  form^ 
00  the  outfide,  there  was  an  explofion,  which 
increafcd  the  cohefion.  Making  the  above- 
mentioned  experiments. with  thefe  plates,  he 
fays,  they  ailed  juft  as  the  two  that  were 
charged  at  the  fame  time  *. 

•  Phil.  TrtDf,  Vol.  I»ii.  p.  458. 
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Mjt>  Symmer  concludes  his  account  of 
tKcfc  expcrimentB  with  declaring  it  be  his 
opinion,  that  there  are  two  eleftric  fluid«,  or 
emahations  of  two  diftinfl  elei^ric  powersi 
efTentially  different  from  each  other;  that 
electricity  does  not  confift  in  the  a£Bux  and 
efflux  ofthefe  fluids,  but  in  the  accumulation 
of  the  one  or  the  other  of  them  in  bodies 
eleSrified ;  or,  in  other  words,  it  confifts  in 
the  poffefEon  of  a  larger  portion  of  one  or 
the  other  poyer,  than  is  requifite  to  maintain 
an  even  balance  within  the  body;  and  laftlyj 
that,  according  as  the  one  or  the  other  power 
prevails,  the  body  is  eledrified  in  the  one  or 
the  other  manner.-  Nor  will  this  principle, 
fays  he,  of  two  diftinft  eledirical  powers  be 
found,  upon  due  conftderation,  to  difagree 
with  the  general  fyftem  of  nature.  It  is  one 
of  the  fundamental  laws  of  nature,  that  ac- 
tion and  reaction  are  infeparable  and  equal ; 
and,  when  we  look  round,  we  find  that  every 
power  fvhich  is  exerted  in  the  material  world 
meets  with  a  counteraiaing  power,  which  con- 
trouls  and  regulates  its  effeds,  fo  as  to  anfwer 
the  wife  purpofes  of  providence  *. 

Mr.  Symmer  alfo  alledges,  in  proof  of 
his  two  diftin<£t  powers  of  eledriiity,  the  ex- 
periment which  Dr.  Franklin  has  related,  of 
piercing  a  qujre  of  paper  with  an  electric 
(hock.  He  thought  that  the  bur  which  wa« 
raifed  on  both  fides  of  the  paper  was  produced 
by  two  fluids,  moving  in  two  different  direc- 

•  Phil.  Taaf.  Vol.  II.  pt.  1.  p.  389. 
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tions;  To  ihow  the  manner  in  which  this 
ftrokc  was  made  more  evidently,  he  men- 
tions two  other  fimilar  experiments,  in  which 
the  circumftances  of  the  Aroke  were  a  little 
varied. 

A  PIECE  of  paper, -covered  on  one  fide  with 
Dutch  gilding,  and  which  had  been  left  acci- 
dentally between  two  leaves,  in  a  quire  of 
paper  in  which  the  former  experiment  had 
been  made,  was  found  to  have  the  impref- 
iion  of  two  ftrokes  upon  it,  about  a  quarter  of 
an  inch  from  each  other ;  the  gilding  being 
dripped  pff,  and  the  paper  left  bare  for  a 
little  fpace  in  both  places.  In  the  cgnter  <rf 
one  of  thefe  places  was  a  little  round  hole,  in 
the  other  only  an  indenture  or  impreflion, 
fuch  as  might  have  been  made  with  the  point 
of  a  bodkin. 

These  obfervations  Mr.  Symmer  conunu- 
nicated  to  Dr.  Franklin,  who,  notwithftand- 
ing  Mr.Symmpr  was  endeavouring  to  eftabltlli 
a  theory  of  eledricity  contrary  to  his  own, 
with  the  generofity  natural  to  him,  aflifled 
him  with  his  apparatus  in  making  another 
experiment  in  purfuance  of  that  mentioned 
above. 

Jn  the  middle  of  a  paper  book,  of  the 
thicknels  of  a  quire,  Mr.  Symmer  put  a  flip 
of  tinfoil;  and  io  another,  of  the  fame  thicfc'- 
nefs,  he  put  two  flips  of  the  fame  fort  of  foil, 
including  the  two  middle  leaves  of  the  book 
between  them.  Upon  ftriking  the  two  dif- 
ferent books,  the  effeils  were  anfwerable  ta 
what  he  expedcd.  Jn  the  firft,  the  leaves  on 
each 
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each  fide  of  the  foil  were  pierced,  while  th6 
foil  itfelf  remained  unpierped ;  but,  at  the 
fame  time,  he  could  perceive  an  impreffioa 
had  been  made  on  each  of  its  furfaces,  at  a 
little  diftance  from  one  another ;  and  fuch  im- 
preffions  were  ftill  more  vifible  on  the  paper, 
and  might  be  traced,  as  pointing  different 
ways.  In  the  fecond,  all  the  leaves  of  the 
book  were  pierced,  excepting  the  two  that 
were  between  the  flips  of  foil ;  and  in  thefe 
two,  inflead  of  holes,  the  two  impreflions  in 
contrary  direftions  were  vifible. 

Mr.  Symmer  afterwards  got  an  elei9:rical 
apparatus  of  his  own,  formed  on  the  model 
of  that  of  Dr.  Franklin,  with  which  he  fre- 
quently repeated  the  experiments  above-men- 
tioned, the  refult  of  all  which  he  comprifes 
in  the  tht:ee  following  obfervations. 

I.  Whkn  a  quire  of  paper,  without  any 
thing  between  the  leaves,  is  pierced  with  a 
firoke  of  eleiftricity,  the  two  different  powers 
keep  in  the  fame  track,  and  make  but  one 
hole  in  their  pafTage  through  the  paper :  not 
but  that  the  power  from  above,  or  that  from 
bdow,  fometimes  darts  into  the  paper  at  two 
pr  more  different  points,  making  fo  many 
holes,  which,  however,  generally  unite  be-  ' 
fore  they  go  through  the  paper.  They  feem 
to  pafs  each  other  about  the  middle  of  the 
quire,  for  there  the  edges  are  moft  vtCbly 
bent  different  ways ;  whereas,  in  the  leaves 
near  the  outGde  of  the  quire,  the  holes 
very  often  carry  more  the  appearance  of 
the  paflage  of  a  power  iffuinj  out,  and  ex- 
ploding 


Two  ELECTRICITIES.      321 

plodiiig  into  the  air,  than  bf  one  darting  into 
the  paper. 

21  When  arty  thin  iiietallic  fubftance,  fuch 
as  gilt  leaf,  or  tinfoil,  is  put^  between  the 
leaves  of  the  quirei  and  the  whole  is  ftfuck, 
in  that  eafe,  the  counteraGing  powers  deviate 
froin  th6  direct  tra£t,  and  leaving  the  path 
which  they  would  in  common  have  taken 
through  the  paper,  only'  make  theirway  in 
different  lines  to  the  metallic  body,  and  (trike 
it  in  two  different  points,  diflanC  from  one 
ianother  about  a  quarter  of  an  inch,  more  or 
lefs ;  the  diftance  appearing  to  be  tlie  -  leall 
when  the  power  is  greateft :  and  whether  they 
pierce  it,  or  only  make  impreffioria  upon  it,  in 
either  cafe  they  leave  evident  marks  of  mo* 
tion  from  two  different  parts,  and  in  two  con- 
trary diredions.  It  is  this  deviation  from  a 
common  courle,  and  the  feparalion  of  the 
lines  of  dir6ftion  confequent  upon  it,  Idys  he, 
that  affords  a  proof  of  the  exertion  of  two 
diftind  and  counteraaing  powers.    ' 

3.  When  two  flips  of  tinfoil  are  put  into 
the  middle  of  the  quire,  including  two  or 
more  leaves  between  them,  if  the  eleSricity 
be  moderately  ftrong,  the  counteradiing  powers 
Only  ftrike  againft  the  flips,  and  leave  their 
impfeflion  there.  When  it  is  ftfonger,  one 
of  the  flips  is  generally  pierced,  but  feldom 
both ;  and  from  what  he  had  obferved  in  fuch 
cafes,  he  fays  it  fliould  ieem,  as  if  the  power 
which  iflueiJ  from  the  outfide  of  the  phial 
aded  more  ftrongly  than  that  which  proceeded 
from  within,  forthe  lower  flip  was  moftcom- 
,  Y  moniy 
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,  monly  pierced.  But  this*  he  adde,  may  be 
owing  to  the  greater  fpace  which  the  power 
from  witiiin  has  to  move  through  before  it 
ftrikca  the  paper  *. 

In  the  fame  paper,  Mr.  Symmer  furniflie* 
a  remarkable  inllance  of  the  power  of  an  hy- 
pothefis  in  drawing  fads  to  itfelf>  in  making 
proofs  out  of  fads  which  are  very  ambiguous* 
aod  in  making  a  perfon  overlook  thoTe  cir- 
cumflances  in  an  experiment .  which  are  un- 
favourable to  his  views. 

When  a  phial  is  eledrified  but  a  little, 
Mr.  Symmer  feys,  if  we  touch  the  coating  of 
it  with  a  finger  of  one  hand,  and,  at  the  fame 
time,  bring  a  finger  of  the  other  hand  to  the 

.  wire,  we  fhall  receive  a  pretty  finart  blow 
upon  the  tip  of  each  of  the  fingers,  the  feo- 
fation  of  which  reaches  no  farther.  If  the 
phial  be  eleftrified  a  degree  bigher,  we  fliall 
feel  a  ftronger  blow,  reaching  to  the  wrifts, 
but  no  farther.  When,  again,  it  is  ete£trified 
to  a  ftitl  higher  degree,  ia  feverer  blow  will  be 
rccciTed,  but  will  not  be  felt  beyond  the 
elbows.  Laftly,  when  the  phial  is  ftrongly 
charged,  the  ftroke  may  be  perceived  in  the 

.  wrifls,  and  elbows  ;  but  the  principal  fhock  is 

'  felt  in  the  breaft,  as  if  a  blow  from  each  fide 
met  there.  This  plain  and  fimple  experi- 
ment, fays  Mr.  Symmer,  ieems  obvioufly  to 
fuggeft  to  obfervation  the  exiftence  ©f  two 
diftind  powers,  ading  in  contrary  diredionsj 
and,  I  believe,  fays  he,  it  would  be  held  as  a 

•  Phil.  TiMif.  Vol.!i.  pt.  i.  p.  377,  fte. 
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fufficient  proof  byany  perfon,  who  fliould 
try  the  experiment,  whh  a  view  to  deter- 
mine th«  queftion  firdply  from  his  own  per- 
ceptions *. 

It  is  a  fufficient  anfwer  to  this  remark  of 
Mr.  Symrfier^  that  if  twenty  people  join 
hands»  they  may  all  be  made  to  feel  the  (hock 
-  in'their  wrifts,  or  their  elbows,  without  hav- 
ing their  bteafts  afFedled  in  the  leaft.  And 
can  it  be  fuppofed,  that  the  two  currents  of 
eleftric  fire  could  come  at  all  their  wrifts  or 
elbows,  without  paffing  through  their  breafls  f 
According  to  Mr,  Symmer's  hypothefis,  it 
fliouId  feem,  that,  in  a  large  circle,  thofe 
perfons  only  who  ftood  near  the  phial,  on 
cither  hand,  fhould  feel  a  fmall Jhock  ;  that  a 
few  perfons  more,  at  each  extremity  of  the 
circle,  fliould  feel  one  fomething  ftronger  ; 
and  that  it  coulcf  only  be  a  very  ftrong  fliock, 
which  could  at  all  affcfl  the  perfon  who  ftood 
in  the  middle;  and  that  then  he  fhould  be  af- 
fected the  leaft  of  any  perfon  in  the  com- 
pany. But  all  thefe  confequences  ar^  contrary 
to  f aft. 

This  hypothefis  of  Mr.Symmer,  notwith- 
ftanding  he  has  failed  in  his  application  of  it 
to  the  experiments  above  mentioned,  has  at- 
trafted  the  notice  of  feveral  eleftricians,  both, 
at  home  and  abroad ;  and  fome  perfons  feem 
inclined  to  adopt  it,  in  preference  to  Dr.  Frank- 
lin*s  theory.  I  fliall  therefore  confider  it 
more  at  large,  when  I  come  to  treat  oi  theories 

■   •  Phil.  Tranf.  Vol.  IL  pt.  i.  p.  573,  &c. 
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profeffedly;  till  which  timcj  Itake  leave  of 
this  ingenious  philoropher,  and  bis  two  elec- 
tric fluids. 

The  experiments  ofMr.  Symmer  excited 
the  attention  of^Mr.  Cigna,  and  led  him 
to  acourfe  of  experiments,  which  throws  ftill 
more  light,  both  upon  the  doftrinc  of  the 
two  eleitricities  and  the  Leyden  phial.  They 
are  alfo  a  farther  illuftration  of  the  difcovery 
of  Mr.  Canton,  improved  by  MefTrs.  Wilcke 
and  Opines,  of  the  mutual  repellency  of  iimi- 
lar  eleflric  atmofpheres. 

He  took  two  white  filk  ribbons,  juft  dried 
at  the  tire,  and  having  extended  them  upon  a 
fmooth  plain,  either  a  condu^or  or  a  non- 
conductor, he  drew  over  them  the  iharp  edge 
of  an  ivory  ruler,  and  found,  that  both  the 
ribbons  had  acquired  eleQricity  enough  to  ad- 
here to  the  plain  ;  though,  while  they  re- 
mained upon  the  plain,  they  fhewed  no  other 
fign  of  it.  If  they  were  both  taken  off  from 
the  plain  together,  they  attracted  one  another, 
the  upper  having  acquired  the  refmous  and 
more  powerful,  and  the  lower  the  vitreous 
and  weaker  ele^ricity.  If  they  were  taken 
up  feparately,  they  repelled  one  another, 
having  both  acquired  the  re(inous  elec- 
tricity *. 

In  this  reparation  of  both  the  ribbons  from 
the  plain,  as  alfo  in  their  feparation,  after- 
wards, from  one  another,  eletStric  fparks 
were  vifible  between  them  j  but  if  they  were 

"  Memoifs  of  the  Academy  at  Tariii  for  the  year  17651 
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again  put  upon  the  plain^  or  joined  together, 
no  fight  appeared  upon  their  fecond  repara- 
tion, without  another  friition  of  the  ruler. 
Alfo,  wheni  by  being  taken  off  feparately, 
they  had  been  made  to  repel  one  another,  if 
they  were  laid  on  the  plain  again,  and  taken 
off  together,  they  would  not  attract ;  and  if, 
by  being  taken  off  together,  they  had  firft 
been  made  to  attract  one  another,  and  were 
laid  on  the  plain  a  fecond  time,  and  then 
taken  off  feparately,  they  would  not '  repel, 
without  another  fridtion. 

When,  by  the  operation  above  mention- 
ed, they  had  acquired  the  fame  eleftricity,  if 
they  were  placed,  not  upon  the  fmpoth  body 
on  which  they  had  been  rubbed,  but  on  a 
rough  one,  and  a  conduftor,  as  hemp  or  cot- 
ton, not  very  dry  i  they  would,  upon  being 
feparated,  ihow  contrary  eleSricities ;  which, 
when  they  were  joined  together,  would  dif- 
appear  as  before  •. 

If  they  had  been  made  to  repel  one  another, 
and  were  afterwards  placed  one  upon  the 
other,  on  the  rough  furface  above  mentioned, 
they  would,  in  a  few  minutes,  attract  one  an- 
blher ;  the  lower  of  the  two  ribbons  having 
changed  its  refinous  into  a  vitreous  elec- 
tricity. 

If  the  two  white  ribbons  received  their 

fridlion  upon  the  rough  furface,  they  always 

'  acquired  contrary  ele^ficities ;  the  upper  of 

the  two  having  the  refinous,  and  the  lower 

*  Memoirs  of  the  Academy  at  Tnrin  for  the  year  i?^;. 
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.  the  Titreous,  in  whatever  manner  they  were 
taken  off. 

.The  fame  thing  that  was  done  by  a  rough 
furface  was  done  by  any  pointed  conductor. 
If  two  ribbons,  for  iiiftance,  were  made 'to 
repel,  and  hang  parallel  to  one  another ;  and 
the  point  of  a  needle  were  drawn  oppofite  to 
one  of  them,  along  its  whole  length,  they 
would  prefently  rufli  together  i  the  elefiri- 
city  of  that  ribbon  to  which  the  needle 
was  prefented  being  changed  into  the  con- 
trary *. 
"  In  the  fame  manner  in  which  one  of  the 
ribbons  changed  its  eledricity,  a  ribbon  not  , 
elcftrified  would  acqui?e  electricity,  viz.  by 
putting  it  upon  a  rough  furface,  and  laying 
an  electrified  ribbon  upon  it;  or  by  holding  it 
parallel  to  an  eleClrified  ribbon,  and  prefent- 
ing  a  pointed  conduClor  to  it. 

He  placed  a  ribbon  not  quite  dry  under 
another  that  was  well  dried  at  the  fire,  upon  a 
fmooth  plain;  and  when4ie  had  given  them 
the  ufual  friClion  with  his  ruler,  he  found 
that,  in  what  manner  foever  they  were  remov- 

'  -cd  from  the  plain,  the  upper  of  them  had  ac- 
quired the  refmous,  and  the  lower  the  vitre- 
ous electricity  f. 

If  both  the  ribbons  were  black,  all  the 
abpve  mentioned  experiments  fucceeded, 
in  the  fame  manner  as  if  they  had  been 
white  :j;. 

•  Memoir*  of  tbe  Academy  at  Tarin  for  the  year  1765, 
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If,  inftead  of  his  ivory  ruler>  he  made  uie 
of  any  fkiQi  or  of  a  piece  of  fmooth  glafs* 
the  event  was  the  fame ;  but  if  he  made  ufe 
of  a  ftick  of  fulphur,  the  dedh-icltics  were,  in 
all  cafes,  the  reverfe  of  what  they  vrere  be- 
fore ;  the  ribbon  which  was  rubbed  having 
always  acquired  the  vitreous  eledricity. 

When  he  made  ufe  of  paper,  either  gilt  or 
not  gilt,  the  refults  were  uncertain. 

When  the  ribbons  were  wrapped  in  paper, 
gilt  or  not  gilt,  and  the  friiaioo  was  made 
upon  the  paper,  laid  upon  the  plain  above 
mentioned,  the  ribbons  acquired,  both  of 
them,  the  relinous  eleflricity  *. 

If  the  ribbons  were  one  black,  and  the 
other  white,  which  ever  of  them  was  laid 
uppermoft,  and  in  whatever  manner  the  fric- 
tion was  made,  the  black  generally  acquired 
the  refmous,  and  the  white  the  vitreous  elec- 
tricity t- 

He  observed,  however,  the  following  con- 
ftant  event ;  that  whenever  the  texturje  of  the 
upper  piece  of  iilk  was  loofe,  yielding,  and 
retiform,  lite  that  of  a  flocking,  fo  that  it 
could  move,  and  be  rubbed  againft  the  lower» 
and  the  rubber  was  of  fuch  a  nature  as  to  im- 
part but  little  cledlricity  to  glafs ;  the  elec- 
tricity which  the  upper  piece  of  (ilk  acquired, 
did  not  depend  upon  the  rubber,  but  upon 
the  body  it  was  laid  upon ;  in  which  cafe  the 
black  was  always  refinous,  and  the  white  vi- 

*  Menoiri  of  the  Acaiemj  atToriA  fof  the  jrear  17651 
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treous.  But  when  the  filk  was  of  a  clofe 
texture,  'hard  and  rigid,  and  when  the  rubber 
was  fuch  as  imparted  a  great  degree  of^  elec- 
tricity to  glafs,  the  eleSricity  of  the  upper 
piece  did  not  depend  upon  the  lower,  but 
upon  the  rubber.  Thus  a  white  filk  ftocfc- 
ing,  rubbed  with  gilt  paper  upon  glafs,  be- 
came rcfinous,  and  the  glafs  vitreous  j  but  if 
a  piece  of  filk,  of  a  firmer  texture,  was  laid 
upon  a  plate  of  glafs,  it  always  acquired  the 
vitreous  ele^ricity,  and  the  glafs  the  refinous* 
if  it  was  rubbed  with  fulphur  j  and  for  the 
moft  part,  if  it  was  rubbed  with  gilt  paper  *. 
So  that  the  filk  that  was  rubbed  received  its 
electricity,  fometimes  from  the  rubber,  and 
fometimes  from  the  fubftance  placed  under  it ; 
according  as  it  received  greater  friftion  from 
the  one  or  the  other,  or  in  proportion  as  one 
or  the  other  was  more  proper  to  give  elec- 
tricity to  glafs.. 

Anothkr  fet  of  experiments,  which  the 
fame  Mr.  Cigna  made,  illufbate  the  adhefion  , 
of  Mr.  Symmer's  eledrical  ftockings  to  bodies 
with  fmooth  furfaces.  He  infuiated  a  plate 
of  lead,  and  bringing  an  ele^rified  ribbon 
near  it,  obferved  that  it  was  attraifled  very 
feebly.  Bringing  his  finger  to  the  lead,  a 
fpark  ilTued  out  of  it,  uponwhich  it  attract- 
ed the  ribbon  yigoroufly,  and  both  together 
(hewed  no  figns  of  eledtricity.  Upon  the  fe- 
paration  of  the  ribbon,  they  again  both  ap- 

'  Memoin  of  the  Academy  at  Turin,  for  the  jrear  ijig, 
p.  +0. 
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peared  to  be  eleftrified,  and  a  fpark  was  per-^ 
ccived  between  the  plate  and  the  finger  *. 

Laying  two  plates  of  glafs  upon  a  fmooth 
condu^or  communicating  with  the  groundi 
and  rubbing  them  in  the  fame  manner  as  the 
ribbons  had  been  rubbed,  they  iikewife  ac- 
quired eleftricity,  and  adhered  firmly,  both 
to  one  another,  and  to  the  eondudtor.  If  it 
were  a  plate  of  lead,  not  very  thick,  it  would 
be  fupported  by  the  attraftion.  When  they 
were  together,  they  fliowed  no  other  figns  of 
electricity  -f*. 

When  the  two  plates  of  glafs  were  feparat- 
ed  from  the  conduftor,  and  kept  together, 
they  ihowed,  on  both  fides,  a  vitreous  elec- 
tricity ;  and  the  conductor,  if  it  had  been  in- 
fulated,  was  feen  to  have  contracted  a  refin- 
oiis  eleSricity. 

The  two  plates  of  glafs  themfelves,  when 
fcparatcd,  were  poffeffed  of  the  two  elec- 
tricities ;  the  upper  of  the  vitreous  and 
ftronger,  and  the  lower  of  the  reQnous  and 
weaker. 

With  a  rough  conduftor,  whether  they 
were  originally  rubbed  upon  it,  or  brought 
to  it,  after  they  had  been  rubbed  upon  a 
fmooth  one,  they  fcarce  contrafled  any  elec- 
tricity ;  though,  when  they  were  feparated 
from  one  another,  they  were  affeded  as  be- 
fore. 

Upon  this  principle,  Mr.  Cigna  endeavours 
to  account  for  the  non-excitation  of  a  globe 

•  Memoiuof  the  Acideny  at  Torin,  fcr  the  jejr  1765, 
p.  43-  t  IWd,  p.  sj. 
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or  tube  from  which  .the  air  is  exhaufted^  or 
which  is  lined  with  conducing  fubAances. 
In  this  cafe,  he  fays,  the  vitreous  ele^icity 
on  the  external  furface  of  the  glafs  is  balanced 
by  the  refinous  in  the  inward  coating,  or  in 
the  vacuum  which  ferves  inftead  of  a  coat- 
ing ;  and  therefore  it  is  in  the  fituation  of 
the  plates  of  glafs  while  they  lie  upon  the 
condudtor  above-mentioned :  but  when  the 
inward  coating  is  taken  away,  the  eledricity 
appears  on  the  outfide,  without  any  frefh 
excitation,  as  when  the  plates  were  removed 
from  the  conduftor  *. 

When  he  laid  a  number  of  ribbons  of  the 
fame  colour  upon  the  fmooth  conduAor,  and 
drew  his  ruler  over  them  ;  he  found,  that 
when  he  took  them  up  fi.ngly,  they  all  gave 
fparks,  at  the  place  where  they  were  feparat- 
ed,  as  the  lail  ribbon  did  with  the  fmooth 
plate,  and  had  all  acquired  the  refinous  elec- 
tricity "I". 

If  they  were  all  taken  from  the  plate  to- 
gether, they  cohered  in  one  mafs,  which,  on 
both  fides,  appeared  to  be  refinous.  If  they 
were  laid  upon  the  rough  conduftor,  in  the 
fame  order  (whereby  the  oppofite  eleSricities 
were  brought  to  an  equilibrium)  and  they 
were  all  feparated  Cugty,  beginning  with  the 
lowefi,  fparks  appeared  as  before ;  but  all 
the  ribbons  had  acquired  the  vitreous  elec- 
tricity, except  the  uppermoft,  which  retained 

*  Memoirs  of  the  Academ}'  at  Turin,  for  the  year  176^ 
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,  tbe  reQnoua  eledriclty  it  bad  received  from 
the  friaioa  *. 

If  they  received  the  frii^on  upon  the 
rough  condu^or,  and  were  all  taken  up  at 
once  (in  order  to  have  a  hundle  in  which  the 
Qppofite  eledricities  were  balanced)  all' the  in- 
termediate ribbons  acquired  the  eleflricity, 
,  either  of  the  higheft  or  the  loweft  ribbon,  ac- 
cording as  the  reparation  was  begun  with  the 
higheft,  or  the  loweft. 

If  two  ribbons  were  feparat^  from  the 
bundle  at  the  fame  time,  they  clung  together ; 
and,  in  that  ftate,  ihowed  no  fign  of  elcc- 
tridty,  a&  one  of  them  alone  would  have 
done.  When  they  were  feparated,  and  the 
different  ele^ricities  were  manifeft,  the  elec- 
tricity was  obferved  to  refide  in  the  outermoft, 
and  was  oppofite  to  that  by  which  they  had 
both  adhered  to  the  bundle,  but  much 
weaker  f- 

He  placed  a  number  of  ribbons  upon  a 
plate  of  mejal,  which  received  eleflrictty  from 
the  globe,  while  he  held  a  pointed  body  to 
the  other  fide  of  the  ribbons.  The  confe- 
quence  was,  ^  that  all  the  ribbons  became  pof- 
■  feffed  of  the  ele£tricity  oppofite  to  that  of  the 
plate,  or  of  the  fame,  according  as  they  were 
taken  ofi^ ;  except  the  moft  remote,  which  al- 
ways kept  an  electricity  oppofite  to  that  of 
the  plate. 

From  thefe  experiments  he  infers,  that  as  ■ 
electricity  is  propagated  from  the  outermoft 

*  Mcminn  of  the  Acadtmj  at  Turin,  for  tKe  year  176^1 
p.  61.  t  tl>>(l> 
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ribbon  to  thofe  underneath  it,  or  elic  from 
the  plate  below  to  thofe  next  above  it»  when 
they  are  feparated,  fo  likewife  when  the  coat- 
ing is  feparated  from  a  charged  pane  of  glafs^ 
it  likewife  depofits  its  eleftricity  upon  the  fu- 
perficies  of  the  glafs,  the  phenomena  being 
the  fame  in  both.  For  when  he  put  metal 
coatings  on  the  fide  of  a  plate  of  glafs,  with- 
out any  cement,  they  adhered  firmly  to  the 
glafs  when  it  was  charged^  and  a  light  appear- 
ed upon  their  being  feparated  from  it,  as  in 
the  cafe  of  the  ribbons  *. 

When  he  coated  a  number  of  ribbons  In 
the  fame  manner,  and  charged  them,  the 
eoatings  adhered  firmly  to  the  ribbons;  but 
he  could  never  feparate  one  of  them,  but  (in 
confequence  of  the  loofe  texture'  of  the  filk)  a 
fpark  would  go  to  the  oppofite  coating,  which 
immediately  fell  off,  the  whole  being  then 
difcharged  f . 

But  he  thought  the  coatings  did  not  depo- 
fite  all  their  eledricity  on  the  plate,  when  they 
were  taken  off;  for  though,  when  both  wete 
taken  off,  the  eledlricities  of  the  two  fides  ftill 
balanced  one  another  (becaufe  each  retained 
the  fame  diminittied  quantityj  yet,  when  one 
fuperficies  of  the  glafs,  or  of  the  ribbons,  re- 
ceived its  eledlricity  from  fridion,  and  the 
other  only  from  the  oppofite  coating,  he  ob- 
ferved,  that  the  ele£lricities  which  balanced 
one  another  while  the  coating  was  on,  were 
no  longer  balanced  when  it  was  taken  off; 

'  Memoir)  of  the  And  em  7  at  Ton  q,  for  the  /eu  176;* 
p.  6j.  t  ^t^id    P>  64> 
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the  eleftricity  of  the  furface  which  was  rub- 
bed then  prevailing,  becaufe  the  conducing 
coating  had}  upon  its  reparation,  taken  part 
of  its  eIe<Sricity  along  with  it  •. 

To  confirm  this,  he  adds  another  experi- 
'  ment.  He  charged  a  pane  of  gtafs,  coated 
on  one  fide,  while  the  other  received  elec- 
tricity by  a  pointed  condu^or  from  the  ma- 
chine: he  likewife  inverted  the  plate,  and 
made' the  coated  fide  communicate  with  the 
priiiie  condu^or,  while  a  painted  piece  of 
metal  was  prefented  to  the  oppofite  fide; 
and,  in  both  cafes,  found,  that  while  the 
coating  remained,  the  two  eleflricities  ba- 
lanced one  another;  but  that  when  the  coat- 
ing was  flipped  off,  the  eleiSricity  of  the  op- 
pofite fide  prevailed,  ib  as  to  be  apparent  on 
both  fides  of  the  plate  -|-. 

*  Memoirt  cf  ibc  Academy  st  Turin  for  the  yeu  ijSe, 
p.  6s-  t  Ibid. 
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SECTION      VIL 

The  history  op  the  LEYDEN  PHIAL 

CONTINDEO. 

GREAT  as  were  the  difcoveries  of  Dr. 
Franklin  concerning  the  Leyden  phial, 
he  left  feme  curious  particulars  for  this  pe- 
riod of  the  hiilory  of  cleftricity;  and  the 
fubjeiS  is  by  no  means  exhaufted.  Many  of 
the  properties  of  this  •wonderful  bottle,  as  the 
Doiflor  calls  it,  are  ftill  unexplained.  But  as 
more  and  more  light  is  perpetually  thrown 
upon  it^  let  us  hope  that,  at  length,  we  fliall 
thoroughly  underftand  this  great  experiment. 
The  greateft  difcovery  concerning  the  proper- 
ties of  the  Leyden  phial,  in  this  period,  hath 
already  been  related  in  the  account  of  MelTrs. 
Wilcke's  and  ^pinu8*s  method  of  giving  the 
fliock  by  means  of  a  plate  of  air  ;  and  other 
obfervations  have,  likewife,  been  occafionally 
mentioned,  in  places  where  their  connection 
required  them  to  be  inferted.  This  fetflion, 
however,  will  contain  feveral  experiments 
of  a  mifcellaneous  nature,  which  are  well 
worth  notice. 

Immrdiatbly  upon  the  difcovery  of  the 
fliocfc  given  by  glafs,  all  eleSricians  attempt- 
ed to  charge  other  eleftric  fubftances,  but 
•none  of  them  fucceeded  before  Signior  Bec- 
caria.  He  found  that  a  very  fmooth  plate  of 
fealing-wax,  made  by  pouring  that  fubftancc,' 
when 
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-when  melted,  upon  an  oiled  marble  table, 
wbuld  receive  a  conftderable  charge  *. 

After  trying  feveral  other  elearics,  in  the 
fame  manner,  he  found   that   a  mixture  of 
pitch  and  colophonia  was  charged   lefs  than 
fealing-wax,  but  more  than  fulphur,  and  a  ' 
great  deal  more  than  pitch  alone  -f-. 

But  the  moft  curious  experiment  of  this 
philofopber,  relating  to  this  fubjei5t,  was 
made  with  a  view  to  afcertain  the  real  direc- 
tion of  the  eledric  6uid  in  a  difcharge.  He 
fufpcnded  a  coated  plate  of  glafs  by  a  filk 
thread,  and  havjng  charged  it,  and  kept  it 
perfeflly  ftill;  he  obferved  that  no  motion 
was  given  to  it,  when  the  difcharge  was 
made  by  a  crooked  wire  approaching  both 
the  fides  at  the  lame  time.  The  experiment, 
,  in  fadt,  proved  the  r6-a(3son  of  the  glafs  up- 
on the  eleflric  matter ;  whereby  the  plate 
were  kept  ftill,  notwithflanding  the  fluid 
ruftied  with  great  violence  from  one  fide  to 
the  other.  He  compares  the  glafs  to  an  ivory 
ball  placed  between  two  othei's,  which  keeps 
its  place,  when,  by  an  iinpulfe  given  to  one 
of  them,  theoppofite  ball  flies  off  J. 

Mr.  Hartman  of  Hanover  has  pubUfli- 
cd  an  account  of  *  curious  experiment,  which 
feems  to  (how  the  progrefTive  motion  of  the 
cledrical  cxplofion.  .  He  pafTes  a  fhock 
through  a  great  number  of  cannon  balls,  fome- 
times  to  the  Jiumber  of  forty,  placed  near" 
one-  another,   upon  fmall   drinklng-glafles  j 

*  Leitere  dell*  clcttncifino,  p.  64,         •■       f  Ibid.  p.  66. 
t  Ibid.  p.  71. 
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when  all  the  i^tia  are  feen  at  the  fame  mo^ 
meat  of  time,  and  all  the  fnappings  make 
but  one  report.  But  when  he  fubftitutes  eggs 
inilead  of  the  balls  of  metal,  the  progrefs  df 
the  explofion  is  vifiblc,  every  two  giving  a 
fnap  and  a  flalh  feparately.  This  experiment 
requires  weather  very  favourable  to  eleftri- 
city,  and,  he  fays  has  generally  fucceeded 
the  beft  with  only  ten  or  twelve  eggs  *.  This 
author  has  not  exprefsly  faid  in  which  direc- 
tion the  fparks  lan ;  but  as  he  adopts  Dr. 
Franklin's  hypothefis,  it  may  ht  prefumed, 
that  he  imagined  them  to  go  from  the  pofi- 
tive  to  the  negative  fide  of  the  charged 
glafs. 

A  VERY  ingenious  experiment  has  alfo 
been  made  by  Mr.  Amadeus  Lullin  of  Gene- 
va, in  order  to  afcertain  the  direftion  of  the 
ele<^ric  fluid  in  explofions,  and  which  be 
thinks  comes  nearer  to  the  experimentum  cruets 
than  any  other.  He  placed  a  common  card 
in  the  circuit  of  the  ele&ical  explofion,  while 
the  wire  which  communicated  with  the  pofi- 
tive  fide  of  the  jar  lay  on  one  fide  of  it,  and 
that  which  communicated  with  the  negative 
fide  lay  on  the  other,  their  extremities  not 
being  placed  oppofite  to  one  another,  but  at 
fome  diflance.  Things  being  thus  circum- 
ftanced,  he  obferved,  that  upon  making  the 
difcharge,  the  card  was  conftantly  pierced 
cjofe  to  the  extremity  of  the  wire  which  com- 
municated with  the  negative  fide  of  the  jar. 


*  Abliand]uD{,-p.  jS,  &c. 
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as  if  the  eleftric  fluid,  rufhing  from  the  po- 
fitive  fide  of  thejar  into  the  wire  which  com- 
municated with  it»  and  ifluing  from  the  ex- 
tremity of  it,  was  driven  by  its  own  impulfe 
along  the  furface  of  the  card,  and  did  not 
pierce  it,  till  it  came  oppofite  to  the  extremi- 
ty of  the  other  wire,  which  communicated 
with  the  negative  fide,  by  which  it  was 
ftrongly  attraded  *. 

A  VERY  curious  and  elegant  experiment 
on  the  Leyden  phial  was  made  by  profeflbr 
Richman  of  Petentburgh,  whofe  unfortunate 
death  will  be  related  in  this  hiftory. 

He  coated  both  fides  of  a  pane  of  glafs, 
within  two  or  three  inches  of  the  edge,  and 
fattened  linen  threads  to  the  upper  part  of  the 
coating,  on  both  fides;  which,  when  the 
plate  was  not  charged,  hung  down  in  contadt 
with  the  coating ;  but  fetting  the  plaie  up- 
right, and  charging  it,  he  obferved,  that  when 
neither  of  the  fid.es  was  touched  by  1  is  r  n- 
ger,  or  any  other  conduftor  communicating 
with  the  earth,  both  the  threads  were  repell- 
ed from  the  coating,  and  fl:ood  at  an  equal 
diftance  from  it;  but  when  he  brought. big- 
finger,  or  any  other  conduftor,  to  one' of  the 
fides,  the  thread  hanging  to  that  i.de  fell 
nearer  to  the  coating,  while  the  thread  on 
the  oppofite  fide  receded  as  much  ■,  and  that 
when  his  finger  was  brought  into  contact 
with  one  of  the  fides,  the  thread  on  that  fide 
fell  into  contaiS:  with  it  likewifc,  while  thq 

*  OiiTertatio  Phylica.  p.  14. 
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thread  on  the  oppofite  fide  receded  to  twice 
the  d'iftance  at  which  it  hung  originally  ;  fo 
that  the  two  threads  always  hung  fo  as  to 
make  the  fame  angle  with  one  another  *. 

^piNus  Ihows,  that  it  is  not  ftridly  true, 
that  an  infulated  perfon,  difcharging  the  Ley- 
den  phial  through  his  own  body,  contrails  no 
eleilricity.  Electrifying  a  large  plate  of  air, 
h&  obferved,  that  if  the  nearer  plate,  (by 
which  I  fuppofe  he  means  that  which  he  firft 
touched)  was  eleflrfiied  pofiiively,  he  acquir- 
ed a  pofitive  electricity  by  the  difcharge ;  but 
if  it  were  negative,  he  acquired  a  negative 
eleflricity.  He  fuppofes  that  the  reafon  why 
the  experiment  did  not  fucceed  with  Dr. 
Franklin,  was,  that  the  furfaces  with  which 
he  tried  the  experiment  were  not  large  enough 
to  make  the  effedl  fenfible ;  and  that  the  dif- 
tance  of  the  metal  plates  was,  likewife,  too 
fmall,  as  it  neceffarily  muft  be  in  charging  of 
glafs  f. 

Mr.  Cigna  has  invented  a  new  method  of 
charging  a  phial,  upon  the  principle  difcover- 
ed  by  Mr.  Canton  and  Mr.  Wilcke,  viz.  that 
the  electricity  of  one  body  repels  that  of  an- 
other, efpecially  if  it  have  a  flat  furface>  and 
gives  it  the  contrary  eteftricity. 

He  infulates  a  fmooth  plate  of  lead,  zxid 
while  he  brings  an  eleCtrified  body,  as  a 
flocking,  to  it,  he  takes  a  fparfc  with  the  wire 
of  a  phial  from  the  oppofite  fide ;  and  remov- 
ing the  flocking,  he  ukcs  anotber  fpark  with 

*  ^pini  TcDiamen,  p,  335.  f  ^^^-  ?•  '?• 
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Ets  finger,  or  any  coududlor  communicating 
with  the  ground.  Bringing  the  flocking 
nearer  the  plate  a  fecond"  time,  he  takes  a 
fecond  fparfc,  with  the  wire  of  the  phial,  as 
before ;  and,  femovlng  it  again,  takes  an- 
other, in  the  fame  manner,  with  his  finger. 
This  operation  ht  continues,  till  the  phial  is 
charged ;  which,  in  favourable  weather,  may 
be  done ,  with  very  little  dimiinution  of  the 
dedlricity  of  the  flocking  •. 

If,  inflead  of  taking  a  fecond  fpark  with 
'  his  finger,  he  had  taken  it  with  the  wire  of 
another  phial,  that  would  have  been  charged 
likewife,  with  no  additional  labour,  and  with 
an  eleftricity  dppofite  to  that  of  the  other 
j)hial.  If  the  fecond  fpark  were  taken  with 
the  coating  of  the  fame  phial,  the  charging 
would  be  accelerated,  but  the  operation  Would 
be  troublefome  to  manage. 

The  theory  of  this  new  method  of  charg- 
ing a  phial  is  very  eafy,  upon  the  principle 
referred  to  above.  The  approach  of  the  elecr 
tricity  in  the  flocking,  not  being  able  to  enter 
the  broad  fmooth  furface  of  the  metal,  drives 
the  eleditric  fluid  out  of  that  part  of  the  plate 
which  is  oppofite  to  it,  to  the  other  fide, 
which,  being  thereby  overcharged,  will  part 
with  its  fuperfluity  to  the  wire  of  the  phial. 
The-  flocking  being  taken  away,  the  plate 
will  have  lefs  than  its  natural  fhare  of  the 
eleflric  fluid,  and  will  therefore  readily  take 

*  Memoiri  of  the  Academy  at  Taiin  for  the  year  1765, 
p.  ^9. 
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a  fpark,  either  from  the  finger,  or  the  wire 

-  of  another  phial  *. 

The  fame  ingenious  philofopher  makes  a 
confiderable  difference  between  the  eledric 
fluid  which  gives  the  fhock,  and  that  on 
which  fome  other  phenomena  of  coated  glafs 
depend.  The  former,  which  is  far  the  greateft 
quantity,  he  fuppofes  to  refide,  either  in  the 
coating  itfelf,  or  on  the  furface  of  the  glafs ; 
whereas  the  other,  he  imagines,  to  have  en- 
tered the  pores,  and  affeded  the  fubftance  of 
the  glafs  itfelf. 

He  laid  two  plates  of  glafs,  well  dried, 
one  upon  the  other,  as  one  piece;  the'  lower 
of  them  being  coated  on  the  outfide ;  and, 
when  theywere  infulated,  he  alternately  rub- 
bed the  uppermoft  plate  with  one  hand,  and 
took  a  fpark  from  the  coating  of  the  lower 
with  the  other,  till  they  were  charged;  when 
the  coating,  and  both  the  plates  adhered 
firmly  together.  Giving  a  coating  to  the 
other  fide,  and  making  a  communication  be- 
tween that  and  the  other  coating,  the  ufual 
cxplofion  was  made.  But  the  plates,  though 
thus  difcharged,  itlU  cohered;  and  though, 
while  they  were  in  thisftate,  they  fliowed  no 
other  fign  of  electricity  ;  yet,  when  they 
were  feparated,'they  were  each  of  them  found 
to  be  poflefled  of  an  eledricity  oppofite  to  that 
of  the  other. 

If  the  two  plates  were  feparated  before 
they  were  difcharged,  and   the  coating  of 

*  Memoiri  of  the  AetdttDy  at  TutLa  for  die  year  i765» 
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each  were  touched,  a  fpark  came  from  each ; 
and  when  put  together,  they  would  cohere'  as 
before,  but  were  incapacitated  for  giving  a 
fliock  •. 

He,  therefore,  compares  the  elci^ricity: 
which  gives  the  fliock  to  the  eledricity  of  the 
metal  plate  in  the  former  experiment ;  which 
is  lofl  with  taking  one  fpark,  as  the  filk  is  re- 
moved from  it,  and  is  different  from  the  elec- 
tricity by  which  the  two  plates  of  glafs  co- 
here. The  one  is  difperfed  at  once,  but  the 
other  flowly ;  the  one  exifting,  as  he  fuppofes, 
in  the  conduftors,  or  upon  the  furfaces  of 
the  eledrics,  and  the  other  in  the  fubftance 
itfelft. 

Among  experiments  relating  to  the  elec- 
tric {hock,  we  ought  to  mention  what  has 
been  obferved  within  this  period  of  its  amaz- . 
ing  force  in  melting  wires,  and  producing 
other  furprifing  effedts. 

That  even  artificial  elefl:ricity,  fays  Dr. 
Watfon,  in  a  paper  read  at  the  Royal  Society 
June  zSth,  1764,  when  in  too  great  a  quan- 
tity, and  hurried  on  too  faft,  through  a  fine 
iron  wire,  has  a  remarkable  effeft  upon  the 
wirei  appears  from  a  very  curious  experi- 
ment of  Mr.  Kinnerfley.  This  gentleman, 
in  the  prefence  of  Dr.  Franklin,  made  a  large 
cafe  of  bottles  explode  at  once  through  a  fine 
iron  wire.  The  wire  at  firft  appeared  red  -■ 
liot,  and  then  fell  into  -drops,  which  burned 

•  Memoir*  of  the  Academy  at  Turin  for  the  year  1765, 
p.  ss-  t  Ibid-   P-  S6- 
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themfeWes  into  the  furface  of  his  table  or 
floor.  Thefe  drops  cooled  in  a  fphericaj 
figure  like  very  fmall  fhot,  of  which  Dr'. 
Franklin  tranfmitted  fome  to  Mr.  Canton* 
who  repeated  the  experiment.  This  proves 
the  fufion  to  have  been  very  complete ;  as  no- 
thing lefs  than  the  mofl  perfed  fluidity  could 
give  this  figure  to  melted  iron. 

Mr.  Canton,  in  a  note  fubfcribed  to  the 
fame  paper,  obferves,  that  the  diameter  of  a 
piece  of  Mr.  Kinnerfley's  wire,  which  he  re- 
ceived from  Dr.  Franklin,  was  one  part  in 
182  of  an  inch.  He  adds,  that  artificial 
lightning,  from  a  cafe  of  thirty-five  bottles, 
would  entirely  deftroy  brafs  wire,  of  one  part 
in  ^30  of  an  inch.  At  the  time  of  theftrofce, 
he  fays,  a  great  number  of  fparks,  like  thofe 
from  a  flitit  and  fteel,  would  fly  upwards, 
and  laterally,  from  the  place  where  the  wire 
■Was  laid,  and  lofe  their  light,  in  the  day-time, 
at  the  diftance  of  about  two  or  three  inches. 
After  the  explofion,  a  mark  appeared  on  the 
table,  the  whole  length  of  the  wire,  and  fome 
very  round  particles  of  brafs  were  difcovered 
by  a  magnifier  near  the  mark,  but  no  part  of 
the  wire  itfelf  could  be  found  *. 

SiGMOR  Beccaria  was  able  to  melt  fmall 
flips  of  metal,  without  inclofing,  or  covering 
them  with  pieces  of  glafs.  But  .he  thought 
that  the  fame  colour  was  imprefled  upon  glafs 
by  all    the  metals;  and  imagined  that  this 

•Phil.  Tranf.  Vol.  Uv.  p.  20$. 
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circumftance  was  a  trace  of  the  fundamental 
principles  being  the  fame  in  them  all  *. 

Mr.  Dalibard  obferved,  that,  when  a 
large  pane  of  glafs  difcharged  itfelf,  the  po- 
lifh  was  taken  off  at  the  place  of  the  dif- 
charge«  and  that  the  track  it  left  behind  it 
was  ufually,  as  he  exprcflcs  it,  in  the  zig 
zag  form.  With  the  piece  of  glafs  with 
which  he  made  thefe  difcharges  he  pierced 
160  leaves  of  paper.  It  contained  1200 
fquare  inches  f. 

Mr.  WiLCKE  fays,  that,  if  a  fmall  piece 
of  metal  be  Ijung  in  a  fmall  filken  firing,  op- 
poHce  to  a  part  of  a  gUfs  jar,  made  thin  for 
the  purpofe ;  upon  the  fpontaneous  difcharge 
through  thai:  place,  the  piece  of  metal  will' 
be  driven  off  to  the  diftance  of  five  or  fix 
inches  J. 

Mr.  WiNKtER  fired  the  feeds  of  clubmofs 
(lycopodium)  by  difcharging  a  phial  through 
a  quantity  of  them.  He  alfo  fired  the  aurum 
fulminani  placed  upon  a  piece  of  parch- 
ment, which  was  torn  to  pieces  by  the  ex- 
plofiofl  §. 

By  the  eleiSric  fhock,  Signior  Beccaria  could 
melt  borax  and  glafs.  But  the  moft  remark- 
able of  his  experiments  with  the  eleiaric 
ihock  are  thofe  by  which  -he  revivifi$d  metals. 
This  he  did  by  making  the  explofion  between 
two  pieces  of  the  calces.     In  this  manner  he 

.    'Elettricifmo  artificiJe,  Sec.    p.  134,  ijj. 
f  t  Hilioire  abrigce,    p.  84. 

X  Remarks  on  Franklin's  LctKrt,  p.  166. 
f  i'hil.  TraaC  Vol.  xxxviii.  pt.  ii.  p.  773. 
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revivified  feveral  of  the  metals,  and  among 
others,  zink.  'He  even  produced  real  quick- 
filver  from  cinnabar  *.  In  this  cafe  of  revivi- 
fication, he  always  obferved  flreaks  of  black 
beyond  the  coloured  metallic  ftains,  owing, 
as  He  imagined,  to  the  phlogilton  driven 
thither  from  the  parts  that  were  vitrified, 
when  the  other  part  revivified  the  calx  -f*. 

Another  curious  experiment  he  made 
with  the  elciSric  ftiock,  by  difcharging  it 
through  fome  brafs  duft,  fprinkled  between 
two  plates  of  fealing-wax.  The  whole  was 
perfe^Iy  luminous  and  tranfparent  if.  An  ex- 
periment which  throws  fome  lignt  upon  one 
of  Mr.  Haukfbee*8. 

With  the  elc^ric  ihock  he  alfo  made  that 
capital  experiment,  on  which  he  lays  fo 
much  ftrefs  in  his  theory  of  thunder  ftorms, 
and  by  which  he  proves,  that  the  cleftric 
matter  forces  into  its  paflage  all  light  con- 
ducting fubftances;  by.  means  of  which  it  is 
enabled  to  pafs  through  a  quantity  of  refift- 
ing  medium,  which  it  could  not  otherwife 
do.  He  put  a  narrow  piece  of  leaf  filver  be- 
tween two  plates  of  wax,  laying  it  acrofs  the 
plates,  but  fo  as  not  quite  to  reach  one  of  the 
fides.  The  difcharge  being  made  through 
this  ftrip  of  metal,  by  bringing  a  wire  oppo- 
fite  to  the  filver,  at  the  place  where  it  was 
difcontinued ;  the  filver  was  found  melted, 
and  part  of  it  difperfed  all  along  the  track  that 
the  ele£lric  matter  took,  between  the  plate* 

'  Lecteredell'eletiricUmo,  p.  zSt.         f  Ibid.  p.  z;;. 
t  Ibid.  y.  J57.  ' 
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of  wax,  from  the  lilver  to  the  wire  *.  An 
accident  gave  him  occafion  to  obferve  another 
faft  of  a  Amilar  nature.  He  once,  inadver- 
tently, received  the  charge  of  a  fmall  jar, 
through  fome  fmoke  of  fpirit  of  nitre ;  when 
a  hole  was  made  in  his  thumb,  where  the  fire 
entered ;  and  which  he  thought  could  only 
have  been  made  by  the  nitre,  which  was  car- 
ried along  with  the  elcftric  fluid  f. 

Violently  as  the  eledric  explofion  gene- 
rally afFefts  the  human  body,  we  have  ac- 
counts of  fome  perfons  who  could  not  be 
made  to  feel  it ;  particularly  three  or  four 
mentioned  by  Mr.  Mufchenbroeck,  among 
whom  was  a  young  woman  '^.  I  have  alfo 
been  told,  that  this  was  the  cafe  with  a  per- 
fon  near  Leeds,  who  was  at  the  fame  time  a 
little  paralytic. 

I  SHALL  clofe  the  hiftory  of  the  Leyden 
phial  for  this  period  with  the  accounts  of 
fome  extremely  curious  fads,  which  Mr. 
Canton  gives  me  leave  to  publiih  relating  to 
this  fubjedt.  They  certainly  defervc  the  utmoft 
attention  of  philofophers,  and  may  probably 
throw  fome  light  upon  the  cledtricity  of  th^ 
tourmalin. 

He  procured  fome  thin  glafs  balls,  of 
about  an  inch  and  a  half  in  diameter,  with 
ftems  or  tubes  of  eight  or  nine  inches  in 
length,  and  eleftrified  them,  fome  pofitively 
on  the  infide,  and  others  negatively,  after 
the  manner  of  charging  the  Leyden  phial, 

*  Letcere  dell'  eletiricirmo,  p.  348.  f  Ibid.  p.  149. 

I  Maatbty  Review,  Oflober  ■7''7>  ?•  'S"^' 
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and  then  fealed  them  hermetically.  Soon 
after,  he  applied  the  naked  balls  to  his  elec- 
trometer, and  could  not  difcover  the  leaft  fign 
of  their  being  eledirical :  but  holding  them 
to  the  fire,  at  the  diftance  of  five  or  fix  inches, 
they  becanje  ftrongly  eleftrical,  in  a. very 
ihort  time,  and  more  fo  when  they  were 
cooling.  Thefe  balls  would,  every  time 
they  were  heated,  give"  the  eledlric  fire  to,  or 
take  it  from  other  bodies,  according  to  the 
/>/us  or  minuj  ftate  of  it  within  them.  Heat- 
ing them  frequently,  he  found,  would  fenfi- 
bly  diniinifh  their  power  ;  but  keeping  one  of 
them  under  water  a  week  did  not  appear  in 
the  leaft  to  impajr  it.  That  which  he  kept 
jinder  water  was  charged  the  22d  of  Septem- 
J)er  1760,  was  feveral  times  heated  before  it 
was  kept  in  water,  and  had  begn  heated  fre-r 
quently  afterwards ;  and  yet  it  ftill  retained 
its  virtue  to  a  cpnfiderable  degree,  on  the  31ft 
ofOSober  following,  when  he  fent.an  ac- 
count of  it  to  Dr.  Franklin.  The  breaking 
two  of  his  balls  accidentally  gave  him  an  op- 
portunity of  meafijring  their  thicknefs,  which 
he  found  to  be  between 'feyea  and  eight  parts 
in  1000  of  an  inch. 

The  balls  mention  in  the  account  above, 
which  was  written  fix  years  ago,  ftill*  retain 
(heir  virtue,  but  in  a  lefs  degree. 

Mr.  LuLLiN  alfo  found,  that  a  glafs  tube 
charged,  and  hermetically  fealed,  would  £how 
figns  of  eleflricity  when  it  was  heated  f. 

■  In  1769,  t  DilTerurio  Fhyfica,  p.  3*. 
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Experiments   and  observations   con- 
CERiNG  ELECTRIC  LIGHT. 


MY  reader  has  been  informed  of  the  ne- 
ceflity  I  was  under  of  dividing  the  bu- 
Cneis  of  this  period  of  my  hjftory  into  feve- 
ral  parts.  He  has  already  feen  titles  which 
he  could  not  have  expefted  from  the  divifions 
of  the  preceding  periods,  but  he  would  per- 
haps leaft  of  all  expert  a  diftinA  fedlion  upon 
ele^ric  light;  and  yet  the  experiments  and 
pbfervations  yirhich  have  been  made>  imme- 
diately relating  to  this  fubjed,  are  fo  many* 
that  they  deferve  a  place  by  themfelves.  And 
i  would  rather  err  by  making  too  many  fub- 
divifions,  than  too  few;  becaufe,  above  alt 
thingi,  I  would  wifli  to  preferve  perfpicuity, 
which  is  chiefly  injured  by  crowding  together 
things  dillimilar. 

Many  experiments  had  been  made  very 
early,  by  Mr.  HauHbee  and  others,  on  elec- 
tricity, and  particularly  ele£lric  light,  in  va-* 
cuo ;  but  fo  little  was,  at  that  time,  known 
of  the  nature  of  electricity  in  general,  that, 
comparatively,  little  ufe  could  be  made  of 
thofe  experiments.  Very  fortunately.  Dr. 
Watfon  happened  to  turn  his  thoughts  that 
way,  after  the  great  difcovery  of  the  accumula- 
tion of  eledricity  in  the  Leyden phial;  and  by 
this  means  he  difcovered,  that  our  atmofphere, 
when 


348  Dr.    WATSON   on 

when  dry,  is  the  agent  by  which,  with  the 
affiftance  of  other  elediric-s  per  fe,  we  were 
enabled  to  accumulate  electricity  upon  non- 
eledrics  (he  might  have  added  eleiitrics  too), 
that  is,  to  communicate  to  them  a  greater 
quantity  of  ele^ricity  than  thofe  bodies  na- 
turalfy  have.  That  upon  the  removal  of  the 
air,  the  eledric  fluid  pervaded  the  vacuum  to 
a  confiderable  diftance,  and  manifefted  its 
effeds  upon  any  non-eIe£lric  fubftances  by 
which  it  was  terminated. 

This  he  demonftrated  by  one  of  the  mod 
beautiful  experiments  which  the  whole  com- 
pafs  of  eledtricity  yet  exhibits.  He  exhauft- 
cd  a  glafs  cylinder,  three  feet  in  length,  and 
three  inches  in  diameter,  with  a  contrivance 
to  let  down  a  brafs  plate,  as  far  as  he  pleaf- 
ed,  into  it ;  in  order  to  make  it  approach 
another  plate,  fixed  near  the  bottom  of  the 
veflel. 

This  cylinder,  thus  prepared,  he  infuJat- 
ed,  and  obferved,  that  when  the  upper  plate 
was  electrified,  the  eleCtric  matter  would  pafs 
from  one  plate  to  another,  at  the  greateft  dis- 
tance to  which  the  brafs  plates  could  be  drawn  ; 
and  that  the  brafs  plate  at  the  bottom  of  the  cy- 
linder was  ftrongly  electrified,  as  if  a  wire- had 
connected  it  with  the  prime  conductor.  It 
was  a  moft  delightful  fpeCtacle,  he  fays, 
when  the  room  was  darkened,  to  fee  the  elec- 
tric matter  in  its  paflage  through  this  vacuum; 
to  oblerve,  not  as  in  the  open  air,  fmall  , 
bruihes  or  pencils  of  rays,  an  inch  or  two  in 
length,  but  corufcations  of  the  whole  length 
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of  the  tube,  and  of  a  bright  filver  hue.  Thefc 
did  not  immediately  diverge,  as  in  the  open 
air,  but  frequently,  from  a  bafe^  apparently 
flat,  divided  themfelves  into  lefs  and  lefs  ra- 
mifications, and  refembled  very  much  the 
ipoft  lively  corufcations  of  the  aurora  bo- 
realis. 

Sometimes  he  obferved,  that  when  the 
tube  had  been  exhaufted  in  the  moft  perfe£l 
manner,  the  eledric  fluid  was  feen  to  pafs 
between  the  brafs  plates  in  one  continued 
ilream,  of  the  fame  dimenlions  throughout 
its  whole  length;  which  he  thought  dcmon- 
ftrated,  that  the  caufe  of  that  very  powerful 
mutual  repulfion  of  the  particles  of  eledric 
fire,  which  is  feen  in  the  open  air,  is  mc«-e 
owing  to  the  refiftance  of  the  air,  than  to  any 
natural  tendency  of  the  eleflricity  itfelf.  For, 
in  the  open  air  we  obferve  that  thefe  bruihes, 
when  the  elei^ncity  is  ftrong,  diverge  fo 
much,  as  to  form  almoft  a  fpherical  figure*. 

He  made  this  vacuum  part  of  a  circuit  ne- 
ceflary  to  make  the  difcliarge  of  a  phial ;  and, 
at  the  inftant  of  the  explofion,  there  was  feen 
a  mafs  of  very  bright  embodied  fire,  jump- 
ing from  one  of  the  brafs  plates  in  the  tube 
to  the  other.  But  this  did  not  take  place 
-  when  one  of  the  plates  was  farther  diftant 
from  the  other  than  ten  inches.  If  the  dif- 
tance  was  greater,  the  fire  began  to  diverge, 
and  lofe  part  of  its  force  :  and  this  force 
diminifiied  in  proportion  to  its    divergency, 

•  Phil.  Tranf.  Vol,  xlvii.  p.  367. 
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which  \ras  nearly  as  the  diftance  of  the  two 

plates. 

To  find  a  more  peffeft  vacuum  for  the  paf-*' 
fage  of  the  eledric  fluid,  he  had  recourle  to' 
an  excellent  invention  of  Lord  Charles  Ca- 
vendifli ;  whoj  by  means  of  a  long  bent  tube 
of  glafs,  filled  with  mercury,  and  inverted; 
made  all  the  bended  part  of  it  (which  was 
above  the  mercury)  the  moft  perfeG  vacuum" 
that  can  be  made.  This  vacuum  Dr.  Watfon' 
infulated,  and  one  of  the  bafons  of  the  mer- 
cury being  made  to  communicate  with  the  con- 
dui^or,  when  feme  non-eleftric  fubftance 
touched  the  other,  the  eledric  matter  pervad- 
ed the  vacuum  in  a  continued  arch  of  lambent 
flame,  and,  as  far  as  the  eye  could  follow  it^ 
without  the  leaft  divergency; 

Connecting  one  of  the  bafons  with  the 
Inachine,  which  was  iniulated,  the  6re  was 
feen  pervading  the  vacuum  in  a  contrary  di- 
reftion.  And  this  he  confidered  as  the  expe- 
rimentum  cruets  of  two  principles  which  he 
had  advanced  before,  viz.  that  eleSricity  .is 
fiirniflied  to  the  condudory  not  by  .the  excit- 
ed eledric,  but  from  the  non-eledrics  in  con- 
taft  with  the  rubber  ;  and  that  we  are  able  to 
take  from,  or  add  to  that  quantity  of  elec- 
tricity, which  is  naturally  inherent  in  bodies. 

He  alfo  obferved,  that  if,  in  the  fore- 
mentioned  circumftances,  the  hand  of  a  per- 
fon  (landing  upon  the  floor  was  brought  near 
the  fide  of  the  glafs,  the  corufcations  would 
dart  themfelves  that  way  in  a  great  variety  of 
forms,  extremely  curious  to  behold. 

But 
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But  theDo^or  found,  that  even  this  va- 
cuum did  not  conduft  fo  perfectly  as  metals, 
or  water  ;  becaufe  a  perfon  ftanding  upon  the 
floor,  and  applying;  his  finger  to  tlje  upper 
brafs  plate,  received  a  fmart  ftroke.  This  he 
conceived  to  arife  from  the  eledricity  of  the 
brafs  being  fo  much  more  rarefied  than 
that  of  the  body  of  the  man  who  applied  his 
finger  *. 

Mr.  Wilson  engaged  Mr.  Smeaton,  the 
inventor  of  a  new  and  more  perfect  kind  oi  ' 
air-pump,  to  make  fbme  ele<Srical  experi- 
ments in  vacuo.  The  following  is  the  ac- 
count of  them  that  he  tranfmitted  to  Mr.  Wil- 
fon.  They  are,  in  feveral  refpefts,  fimilar 
to  thofe  made  by  Dr.  Watfon,  and  yet  are  at- 
tended with  a  confiderable  variety  of  new  cir- 
cumflances. 

A  GLASS  veffel,  about  one  foot  in  length, 
and  eight  inch'es  in  its  greateft  diameter,  open 
at  both  ends,  had  one  of  its  ends  clofed  by  a 
brafs  ferule,  which  conftituted  one  of  the 
centers  on  which  it  turned ;  the  other  end 
was  clofed  with  a  metal  plate.  In  the  center 
of  this  plate  was  a  fquare  fl:em,  which  Was 
applied  to  the  arbor  of  a  lath,  by  which  the 
glafs  was  turned  round.  On  one  fide  of  this 
lafl  plate  was  fixed  a  cork,  by  means  of 
which  the  glafs  was  fcrewed  upon  the  air- 
pump. 

Upon  rarefying  the  air  within  the  glafs 
about  500  times,  and  afterwards  turning  the 

•  Phil.  Trinf.  Vol.  jMi.  p.  373. 
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glafs  in  the  lath,  whilfl,  at  the  fame  time,  it 
was  nibbed  with  his  hand;  a  confiderable 
quantity  of  lambent  flame,  variegated  with 
all  the  colours  of  the  rainbow,  appeared  with- 
in the  glafs,  under  the  hand.  This  light 
was  pretty  fteady  in  every  refpe£l,  except 
that  every  part  of  it  was  perpetually  chang- 
ing colour. 

When  a  little  air  was  let  into  the  glafs,  the 
light  appeared  more  vivid,  and  in  a  greater 
quantity,  but  was  not  fo  fteady :  for  it  would 
frequently  break  out  into  a  kind  of  corufca- 
tions,  like  lightning,  and  fly  all  about  within 
the  glafs.  When  a  Ultle  more  air  was  let  in, 
the  flafliing  was  continual,  and  ftreams  of 
blueifii  light  feemed  to  iflTue  from  under  his 
handf  withiq  the  glafs,  in  a  thoufand  forms, 
with  great  rapidity  ;  and  appeared  like  a  caf- 
cade  of  fire.  Sometimes  it  feemed  to  flioot  out 
into  the  forms  of  trees,  mofs,  &c. 

When  more  air  was  let  in,  the  quantity 
of  light  was  diminiflied,  and  the  ftreams  com- 
pofing  the  flafties  narrower.  The  glafs  now 
required  a  greater  velocity,  and  harder  fric- 
tion. Thefe  circumftances  increafed  as  more 
air  was  let  in ;  fo  that,  by  fuch  time  as  the 
glafs  was  one  third  full  of  air,  thefe  corufca  - 
tions  quite  vaniflied,  and  a  much  fmaller 
quantity  of  light  appeared  partVy  within,  and 
partly  without  the  glafs.  And  when  all  the 
air  was  let  in,  the  light  appeared  wholly  with- 
out the  glafs,  and  much  lefs  in  quantity  than 
when  the  glafs  was  in  part  exhaufted  *. 
•  WUron'sEfliy,  p.ii6. 
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Mk.  Canton,  in  repeating  Dr.  Watfon** 
experiment  with  the  Torricellian  vacuum,  ob- 
ferved  one  circumftance  attending  it,  which 
throws  great  light  upon  the  Leyden  phial. 
He  obferved,  that  when  the  excited  tube  was 
brought  near  one  of  the  bafons  of  this  machine 
(infulated)  a  light  was  feen  through  more  than 
half  of  the  vacuum ;  which  foon  vaniftied,  if, 
the  tube  was  not  brought  nearer,  but  which 
appeared  again  as  it  moved  farther  off;  and 
that  this  appearance  might  be  repeated  fe- 
veral  times,  without  exciting  the  tube  a- 
frefh. 

This  experiment  he  confidered  as  a  kind  of 
ocular  demonftrationof  the  truth  of  Dr.  Frank- 
lin's hypothefis,  that  when  the  eledric  fluid 
was  condenfed  on  one  fide  of  the  glafs,  it  was 
repelled  from  the  other,  if  it  met  with  no  re- 
fiftance.  Thus,  at  the  approach  of  the  excit- 
ed tube,  he  fuppofed  the  fire  to  be  repelled 
from  the  infide  of  the  glafs.  furrounding  the 
vacuum,  and  to  be  carried  off  through  the  co- 
lumns of  mercury,  but  to  return  again  as  the 
tube  was  withdrawn  *. 

This  curious  experiment  Mr.  Canton,  as 
he  informed  me,  fhowed  and  explained  to 
Mr.  Wilfon;  who  afterwards  expatiated  up- 
on it,  in  a  book  publiflied  by  him  and  Dr. 
Hoadley  in  conjundion,  intitled  Objervaiions 

•  Phil.  Tranf.  Vol.  xlviii,  pt.  i.  p.  356.  It  has  been  feen 
p.  95,  that  this  obfervation,  of  the  return  of  the  eleflric  light 
in  vacui,  was  m»de  before  the  difcoveiy  of  the  Leyden  phial- 
by  Mr  Gnimmerc  of  Biala  in  Poland  i  bat  ihif  was  unlcnown 
both  to  Dr.  Watfoa  and  Mr.  Canton. 

A  a  «» 


354  Mr.   WILSON   ON 

on  a  Series  of  EUBrical  Experiments ;  irt  a 
note  of  which,  p.  28,  he  fays,  "  Mr.  Can- 
"  ton  has  taken  notice,  of  this  vanifljing  and 
**  returning  of  the  Hght." 

Mr.  Canton  has  fince  diverfified  this 
beautiful  experiment,  by  bringing  the  excit- 
ed tube  to  another  glafs  tube,  exhaufted,  and 
hermetically  fealed ;  by  which  means  he  ex- 
hibits the  perfed  appearance  of  an  aurora 
borealis.  The  flame  from  one  of  its  extremi- 
ties, which'is  in  a  manner  coated  by  the  hand 
which  holds  it,  will  dart  to  the  other  extre- 
mity, at  uncertain  intervals  of  time,  for  near 
a  quarter  of  an  hour  together,  without  re- 
peating the  application  of  the.excited  tube. 

When  it  was  generally  agreed  among  elec- 
tricians, that  what  had  been  called  vitreous 
and  refinous  eleftricity  were  in  reality  a  re- 
dundancy of  the  eledtric  fluid  in  one  cafe,  and 
a  deficiency  in  the  other;  and  when,  in  con- 
fequence  of  this  fuppofition,  the  one  was  call- 
ed pofitive,  and  the  other  negative  electrici- 
ty ;  there  ftill  remained  fome  doubt  which  of 
the  two  was  pofitive,  and  which  negative. 
Mr.  Wilfon,  in  a  paper  read  at  the  Royal  So- 
ciety, December  the  6th,  1759,  recites  an  ex- 
periment which,  he  thought,  put  the  matter 
beyond  all  difpute,  and  abfolutely  determin- 
ed, that  what  had  been  called  vitreous  was 
really  pofitive,  and  what  had  been  called  re- 
finous was  negative  j  as,  indeed,  had  gene- 
rally been  fuppofed,  though,  as  Mr.  Wilfon 
thought,  without  fuflicient  reafon,  notwitU- 
ftandin^  what  had  been  advanced  by  Dr. 
Franklin, 
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Franklin,    and   Mr.  Canton  upon  that   Tub- 

jea.  

Repeating  the beautif^l'  experiinent  men- 
tioned before,  as  firft  contrived  by  Lord 
Charles  CaVeridilh,  he  fays  he  attended  to  a 
circumftance  which  feemed  to  have  been  over- 
looked by  Dr.  Watfon,  who  pubHfhed  the 
account  of  it.  This  was'  a  fmgalar  appear- 
ance of  light  upon  one  of  the  furfaces  of  the 
quicfcfilv^r.  To  obferve  tbJs  remarkable  ap- 
pearance to  more  advantage,  Mr.  Wilfon  let 
a'  fmall  quantity  of  air  into  the  tube,  by  which 
mean's  four  colttmns  of  quicklilver  were  ob- 
tained, and  cohfequcntly  fix'  vifible  furfacea, 
in  one  of  tlie  fegs  of  the  inverted  tuhe. .  He 
then  ele£trifi6d  the  mercury  in  the  other  legj^' 
while  the  m.ei'cufy  on  the  ojipofite  fide  had  k 
communication  with  the  earth,  when,  the 
rooni  being  dark,  the  ftream  of  eleiflric  light 
Was  vifible  through  the  whole  length,  of  the 
Tacuunl,  and  its  general'  appearance  was  of  a 
feemirig  uniform  denfity  j ,  except  at  the  vp- 
per  fuffaces  of  eacR  column,'  where  about  one 
tenth  of  an  inch  above  the  furface,  the  light 
was  always  confiderably  brighter;  whereas 
the'  under  fuifaces  exhibited  no  fuch  ap- 
pearance, the  light  being  rather  lets  bright  in 
thofe  places  than  in  the  general  ajipearance  of 
the  whole  illuminated  vacuum. 

This  luminous-  appearance  Mr.  "Wilfon 
afcrib^d  to  the  refiftance  the  fluid  met  with  at 
the  upper  furface  of  the  quickfilver,  in  en- 
deavouring to  get  into  it.  He  therefore  in- 
ferred that  excited  glafs  electrified  bodies  po- 
A  a  2  fitively. 
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fitively,  or  gave  them  a  greater  quantity  of  the 
ele^ric  fluid  than  they  had. 

Electrifying,  in  the  fame  place,  with 
a  cylinder  of  rolln,  inftead  of  glafs,  the  lumi- 
nous appearances  were  all  on  the  under  fur- 
faces  of  the  columns  of  quickfilver ;  from 
which  he  inferred,  that  rofin  eledrified  bodies 
negatively,  depriving  them  of  part  of  the  elec- 
tric fluid  which  they  naturally  had ;  or,  as  he 
exprefl*e8  it,  occafioning  a  current  of  elefiric 
fluid  to  fet  the  contrary  way. 

These  luminous  appearances,  Mr.  Wilfon 
alfo  confidered,  as  a  ftrong  confirmation  of 
the  exifl:ence  of  a  mediumy  at  or  near  the  fur- 
faces  of  bodies,  which  hindered  the  entrance 
6r  exit  of  the  eledlric  fluid.  A  doilrine  which 
Mr.  Wilfon  had  advanced,  and  laid  great  ftrefs 
upon  on  feveral  other  occafions  '. 

The  arguments  which  to  Mr.  Wilfon  ap- 
peared conclufive,  in  proof  of  what  is  com- 
monly fuppofed,  that  glafs  eledrifies  plus^ 
and  fulphur,  &c.  minus,  did  not  appear  fo  to 
Mr.  iEpinus ;  though  he  acknowledges  that 
the  knobs  of  light  in  the  vacuum  did,  in  com- 
mon with  many  other  appearances,  prove  a 
real  difference  between  the  two  eleftricitles  ; 
and  thought  that  it  was  very  eafy  to  conceive, 
that  when  an  elaiHc  fluid  ifTues  from  a  body, 
it  fhould  be  denfer  near  the  furface  from 
whence  it  ifltics,  than  where  it  finds  more  li- 
berty to  expand  itfelf..  He  might  have  add- 
ed, that  this  might  have  been  expected,  from 

•  PWl.  Tranf.  Vol.  ii.  pt.  i.  p.  308. 
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the  mutual  attraction  which  is  fuppofed  to 
fubfift  between  the  eleftric  fluid,  and  other 
bodies.  But  ^pinus  did  not  exprefsly  men- 
tion this  circumftance.  Mr.  Wilfon,  there- 
fore, makes  light  of  the  objefiion  ;  and  adds, 
that  when  he  related  the  experin>ent  with  the 
bent  tube,  in  his  letter  to  Dr.  Heberden,  he 
omitted  fome  phenorfiena  attending  the  faflr, 
which  greatly  favoured  the  doftrine  he  ad- 
vanced. If,  fays  he,  when  glafs  iseleArified, 
and  applied  to  the  firft  column,  we  fuffer  the 
eleflric  fluid  to  pafs  along  the  tube  in  fmall 
quantities  only,  and  at  fliort  intervals,  little 
luminous  ftreamg  will  be  feen  to  move  from 
the  firft  to  the  fecond  column  of  quickfilver, 
and  confequently  from  the  glafs.  The  like 
appearances  happen,  but  in  a  contrary  direc- 
tion, when  rofin  or  amber  is  made  ufe  of,  and 
applied  to  the  fame  column.  Glafs,  there- 
fore, he  concludes,  eletSrifies  plus^  6r  fills 
bodies  with  more  of  this  fluid  than  belongs 
to  them  naturally,  and  rofin,  &c.  minus  *. 

This  controverfy  took  its  rife,  in  fome  mea- 
fure,  from  a  deception  :  for  Mr.  Canton  in- 
forms me.  and  gives  me  leave  to  inform  the 
public,  that  the  light  which  Mr.  Wilfon  takes 
notice  of,  as  appearing  on  one  furface  of  the 
mercury  in  the  double  barometer  of  Lord 
Charles  Cavendifh,  and  which  Mr.  Wilfon 
takes' to  be  a  proof  of  the  exiftence  of  a  me- 
dium on  the  furface  of  bodies,  which  hinders 
the  entrance  or  exit  of  the  cleftric  fluid  to 

•  Phil.  Trtnf.  Vol.  liii.  p.  438.  p.  441. 
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fome  degree,  be  found  to  be  caufed  by  no- 
thing but  common  air.  For  if  the  Torricel- 
lian vacuum  be  properly  made,  no  difference 
of  light  can  be  feen  on  the  furfaces  of  the 
columns  of  mercury  j  but  if  as  much  air  be 
let  into  the  vacuum,  as  will  make  each  co- 
lumn of  mercury  a  quarter  of  an  inch  fliorter 
than  that  of  agood  barometer,  the  light  will 
appear  as  Mr.  Wilfon  has  defcribed  it.  When 
Mr.  Wilfon  fuppofed  that  Dr.  Watfon,  when 
he  made  the  experiment  of  the  Torricellian 
vacuum,  did  not  attend  to  the  fmgular  ap- 
pearance of  light  on  one  of  the  furfaces  of 
the  mercury,  he  Uttle  fufpeded  that  if  the  va- 
cuum Dr.  Watfon  made  was  free  from  air, 
there  was  no  fuch  fmgular  appearance  of  light 
to  be  attended  to,  Air,  Mr.  Canton  adds, 
muft  be  condenfed  near  the  furface  of  all  bo- 
dies that  attract  it ;  and  will,  therefore,  be 
fome  hindrance  to  the  exit,  or  entrance  of  the 
cledlric  fluid,  except  the  bodies  be  very  fharp- 
ly  pointed. 

Some  curious  obfervations  relating  to  elec- 
.  trie  light  were  made  by  Mr.  Wilcke.  Rub- 
bing two  pieces  of  glafs  together  in  the  dark, 
he  obferyed  a  vivid  phofphoreal  light :  which, 
however,  threw  out  no  rays,  but  adhered  to 
the  place  where  it  was  excited-  It  was  at- 
tended with  a  ftrong  phofphoreal  fmell,  but 
with  no  attradion  or  repuHion.  From  this 
experiment  he  inferred,  fhat  friction  alone 
would  not  excite  ele^ricity,  fo  as  to  be  ac- 
cumulated upon  any  body;  and  that  to  pro- 
duce thU  eSc&t  the  tidies  rubbed  together 
muft 
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muft  be  of  different  natures,  with  refpcil  to 
their  attraQing  the  eleSric  fluid.  He,  more- 
over, imagined,  that  all  examples  of  phof- 
phoreal  light,  without  attradion,  were  owing 
to  the  fame  excitation  of  elefl;ricity,  without 
the  accumulation' of  it.  Such  he  imagined  to 
be  the  cafe  of  light  emitted  by  the  Bolognian 
{lone,  cadmea  fornacum,  rotten  wood,  pound- 
ed fugar,  and  glafs  of  all  kinds  *. 

A  TUBE  excited  with  a  woollen  cloth,  on 
which  white  wax  onoil  had  been  put,  he  fays, 
threw  out  flames  j  each  of  which  when  exa- 
mined, appeared  to  rife  out  of  a  little  protu- 
berance of  fire.  The  flame  was  one,  and 
very  narrow  at  the  bottom,  but  farther  from 
the  tube  it  divided  into  feveral  ramifications  ; 
which  always  leaned  to  tliofe  parts  of  the 
fpbe  which  were  the  leaft  excite^,  or  to  con- 
4u£lors  in  the  neighbourhood  f. 

^E  fays  that,  upoit  prelenting  a  linger  or 
Other  nofi-iieljciiric  to  an  excited  negative  elec- 
tric, a  pone  qf  light  is  formed ;  the  bafe  of 
which  is  at  the  finger,  or  other  nonr^leflric, 
and  the  ^pex  at  the  ele£lric,  on  the  furface  of 
which  it  fpre^ds  to  a  confiderable  diftance  all 
round  J. 

Sometimes,  he  hz^  fcen  fiery  particles 
thrown  laterally  frqm  an  irregular  elcdtric 
fpark,  which  ftione  like  fl:ars,  aud  were  very 
like  thofe  which  arc  produced  by  the  coUifion 
pf  flint  ?nd  fteel§. 

"  Wilcke,  p.  iij,  li^.  t  Ibid.  p.  iij. 

X  Ibid.  p.  127.  §  Ibid.  p.  i30< 
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Suspending  various  balls  from  Wis  con- 
duftor,  and  prcfenting  others  to  them,  which 
were  /ometimes  of  glafs  and  fomctimea  of 
metal,  and  varying  them  in  every  manner 
poflible,  he  always  found  {except  when  two 
metal  balls  were  ufed)  that  the  light  between 
them  formed  a  cone,  the  bafe  of  which  was 
always  on  the  body  which  was  pofitive,  and 
the  apex  on  that  which  was  negative.  He 
fays  that  this  criterion  is  fufficient  to  diftin- 
guifh  the  two  eledlricities  from  one  an- 
other. 

He  obferves  that,  at  the  apex  of  a  cone 
iffuing  from  pointed  bodies,  eledrified  pofi- 
tively,  there  is  a  cylindrical  fpark,  out  of 
which  lucid  rays,  like  a  river,  are  darted. 
Thcfe  rays,  he  fays,  form  a  lucid  cone,  the 
apex  of  which  is  turned  towards  the  point 
from  which  the  fire  proceeds.  Sometimes 
from  the  apex,  or  at  fome  diftance  from  it, 
there  is  a  lucid  point,  which,  he  fays,  Hau- 
fenius  caW^  ihcjire  of  the  fecond  kindy  out  of 
which  flew  ftreams  of  fire  The  ftreams 
never  ifiiie  from  the  eledirified  body  itfelf,  but 
always  from  this  lucid  point.  He  fays, 
moreover,  that  this  lucid  point  at  the  extre- 
mity of  an  eledrified  body,  and  which  throws 
out  lucid  rays,  forms  the  diftinflive  charafier 
of  the  pofitive  cone  ". 

A  NEGATIVE  cone,  he  fays,  is  fmall,  con- 
fifting  of  very  flender  filaments,  which  imme- 
diately adhere  to  the  point  at  which  the  light 

•  Wikkc,  p.  132. 
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enters,  or  to  its  fides ;  and,  if  accurately  ex- 
amined, feems  to  form  little  cones,  the  bafes 
of  which  reft  upon  the  body. 

When  he  afterwards  comes  toconfider  the 
caufe  of  negative  cones  of  light,  he  owns 
himfelf  to  be  at  a  great  lofs  how  to  do  it. 

Mr.  Wilcke  put  Englifli  phofphorus  up* 
on  a  pointed  body,,  which,  in  the  dark,  ren- 
dered the  whole  vifible;  and  when  he  fufpend- 
cd  this  pointed  body  perpendicularly,  the 
phofphoreal  vapours  were  feen  to  afcend;  but 
upon  eleSrifying  it,  as  it  hung  in  the  fame 
direflion,  the  vapours  were  carried  down- 
wards, and  formed  a  very  long  cone,  extend- 
ing out  of  the  *middle  of  the  cone  of  ele£tric 
light,  which  was  feen  perfe&Iy  diftindl  from 
it.  When  the  electrification  was  difcontinued, 
the  phofphoreal  vapour  afcended  ae  at  firft. 
From  this  deprefTion  of  the  phofphoreal  efflu- 
via Mr.  Wilcke  infers  the  efflux  of  the  elec- 
tric fluid  from  the  point,  and  upon  the  fur- 
face,  and  not  only  through  the  fubflance  of 
the  pointed  body.  It  is  pity  that  he  did  not 
try  this  curious  experiment  with  pointed  bo- 
dies ele£trified  negatively.  He  would  certain- 
ly have  found  the  fame  depreffion  of  the 
phofphoreal  effluvia,  and  would,  ^  probably, 
have  retracted  his  conclufion  concerning  this 
proof  of  the  efflux*. 

,Mr.  Wilcke  alfo  thought  it  to  be  a  proof, 
that  the  eleiSric  matter  did  not  only  flow  out 
of  the  fubftance  of  eledlrified  bodies,  but  up- 

•  Wilcke,  p.  134.. 


364  S.    BECCARIA    ow 

on  the  furface  of  them,  that  a  metallic  ring,  pro- 
jewing  ever  fo  little  beyond  the  point  of  a  wire 
on  which  it  had  been  put,  prevents  the  appear-: 
^nce  of  the  lucid  point. 

The  laft  obfervation  which  I  fliall  recite  of 
Mr.  \Vilcke  concerning  eletSric  light  is,  that 
if  a  point  not  electrified  be  oppofed  to  a  point 
cleflrified  pofitivejy,  the  cones  of  light, 
which,  in  other  circumftances,  in^ould  appear 
ppon  both  of  them,  difappear ;  but  that  if  % 
pofitive  cone  be  oppofed  to  a  negative  pone, 
they  both  preferve  thpir  pwn  charideriftic  pror 
pcrties  ', 

Stgnior  Beccaria  was  of  opinion,  that 
thediredion  of  the  eledric  flilid  piay  be  de- 
termined from  the  phenomena  of  pointed 
bodies.  The  pencil  (by  which  he  means  the 
eledtric  fire  at  a  point  eleflrified  pofitively)  hp 
fays,  contrafe  as  it  approaches  a  fiat  piece  of 
metal  not  electrified ;  whereas  the  Jtar  (by 
which  he  means  the  eleftrie  fire  at  a  poir^ 
eleflrified  negatively)  expands  in  the  fame  cir^ 
cumftances,  and  has  a  fmall  cavity  near  the 
"  point  towards  the  large  fuperficies.  The  pen- 
cil is  attended  with  a  fnapping  noife,  the  ftjir 
makes  little  or  no  noife.  He  hardly  gives  any 
reafon  for  the  firft  of  thefe  phenomena ;  he 
only  fays,  that  fuch  is  the  neceffary  confe- 
quence  of  a  fluid  iffiiing  out  of,  or  entering 
into  a  point.  But  the  greater  noife  made  by 
the  pencil,  he  thought  was  made  by  the  im- 
pulfe  given  by  the  eleftric  matter  to  the  air, 

•  Wilc.kc,  p.  140. 
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^ufing  it  to  vibrate :  and  this  mull  be  greater 
yrhea  tbe  fluid  is  thrown  from  the  point  into 
the  air,  than  when  it  comes  through  diffe- 
rent portions  of  the  air,  and  meets  in  one 
point  *; 

WngNtwo  points  are  oppofed  to  one  an- 
other, \ie  lays,  th^  phenomena  1  are  much  the 
fame  in  both  t« 

SiGNioR  Beccaria  obferved  that  hollow 
glafs  vcffejs)  of  a  certain  thihnefo,  exhaufted 
of  air,  gave  a  light  when  they  were  broken  in 
the  dark.  By  a  beautiful  train  of  experi- 
ments, he  found,  at  length,  that  the  luminous 
appearance  was  not  occafioned  by  the  breaking 
of  the  glafs,  but  by  the  dafliing  of  the  exter- 
nal air  againll  the  infide,  when  it  was  broke. 
He  covered  one  of  thefe  exhaufted  veffels  with 
a  receiver,  and  letting  the  air  fuddenly  on  the 
outfide  of  it,  obferved  the  very  fame  lighu 
This  he  calls  his  new  invented phoj'phorus  J. 

This  excellent  philofopher  produced  a  moft 
beautiful  appearance  of  eledric  light  in  the 
following  manner.  He  conveyed  pofitive 
clearicity  to  a  brafs  ball,  fufpended  by  a  wire, 
within  an  exhaufted  receiver,  when,  upon 
prefenting  to  it  another  ball  in  vacuoy  the 
lower  hemifphere  of  the  former  was  moft 
beautifully  illuminated,  with  a  vifible  eledlric 
atmofphere.  When  he  conveyed  negative 
eledlricity  to  the  ball,  the  fanie  beautiful  illu- 
mination was  obferved  on  the  ball  prefented  to 
it.     This  experiment,  he  fays,  is  a  very  deli- 

•  EleKricirmoartificiale,  p.  63.  f  Ibid.' 

J  L«tiere  dclt'  elkuiiurmo,  p.  56;,  tec 
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cate  one>  requiring  great  patience  and  dextCf 
rity,   in  adjufting  the  diftances,  &c.  in  order . 
,  to  make  it  fucceed  pe'rfedlly  *. 

T'^A  1  ele£lric  light  is  more  fubtlc  and  pe-- 
netratirig,  if  one  may  fay  fo,  than  light  pro- 
duced in  any  other  way  is  manifeft  from  fe- 
veral  experiments,  particularly  the  remark- 
able one  of  Mr.  Haukfbee;  but  none  prove 
it  fo  clearly  as  fonle  made  by  the  ingenious 
Mr.  Lane,  who  gives  me  leave  to  mention 
thefe. 

When  he  had,  for  fome  different  purpofe, 
made  the  eledric  ftiock  pafs  over  the  furface 
<tf  a  piece  of  marble,  in  the  dark;  he  obferv- 
ed,  that  the  part  over  which  the  fire  had  paff-: 
cd  was  luminous,  and  retained  that  appear- 
ance for  fome  time.  No  fuch  effect  of  the 
electric  Ihock  having  ever  been  ohfcrved  be- 
fore, he  repeated  the  experiment  with  a  great 
variety  of  circumftances,  and  found  it  always 
aiifu  ered  with  all  calcarious  fubftances,  whether 
.animal  or  mineral,  and  efpecially  if  they  had 
been  burnt  into  lime.  And,  as  far  as  he  had 
tried,  many  more  fubftances  would  retain  this 
light  than  would  not  do  it ;  among  others  fe- 
veral  vegetable  fubftandes  would  do  it,  parti- 
cularly white  paper.  Tiles  and  brick  were  lu- 
mmous,  but  not  tobacco-pipe  clay,  though 
well  burnt. 

That  gypfeous  fubftances,  when  calcin- 
ed, were  luminous,    appeared   from  bits  of 
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images  made  of  plaifter  of  Paris ;  and  of  this 
dafs,  he  fays,  is  the  famous  Bolognian.ftone. 
But  many  bodies,  he  found,  were  luminous 
after  the  eledtric  flroke,  which  were  not  ap- 
parently fo,  when  expofed  to  the  rays  of  the 
fun. 

He  made  thcfe  curious  experiments  by 
placing  the  chains,  or  wires  that  led  from  the 
condudor  to  the  outward  coating  of  his  jar, 
within  one,  two,  or  three  inches  (according  to 
the  ftrength  of  the  charge)  from  one  another, 
on  the  furface  of  the  body  to  be  tried,  and 
difcharging  a  Ihock  through  them.  If  the 
flone  was  thin,  he  foundf  that  if  one  chaia 
was  placed  at  the  top,  and  the  other  at  the 
bftttom,  it  would  appear  luminous  on  both 
fides  after  t'he  explofion. 

Mk.  Canton,  to  whom  thcfe  experiments 
were  communicated,  clearly  proved,  that  it 
was  the  light  only  that  the  fubftances  retain- 
ed, and  nothing-  peculiar  to  eledtricity  ;  and, 
moreover,  after  "frequent  trials,  difcovered  a 
compofition,  which  retains  both  common 
light,  and  that  of  ele6:ricity,  much  more 
ftrongly  than  either  the  Bolognian  ftone,  or 
any  other  known  fubftance  whatever.  With 
this  new  phofphorus  he  makes  a  great  num- 
ber of  moft  beautiful  experiments.  The  flafh 
made  by  the  difcharge  of  a  common  jar, 
within  an  inch  of  a  circular  piece  of  it,  of 
about  two  inches  and  a  half  in  diameter,  will 
illuminate  it  fo  much,  that  the  figures  on  a 
watch  plate  may  be  eafily  diftinguiflied  by  it 
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in  a  darkened  room;  and  it  win  retain'  the 

light  half  an  hour  *. 

I  SHALL  clofe  this  fediion  of  cxpefhnehts 
and  obfervations  on  eleflric  light,  with  An  ac- 
count of  a  remarkable  appearance  which  oc- 
curred to  Mr.  EUrtman.  When  he  had  been' 
making  experiments  fotir  or  five  hours  to- 
gether, in  a  fmall  room,  and  after  going  out 
of  it,  returned  foon,  with  a  Hghted  candle  in 
his'  hand,  walking  pretty  fwiftty ;  he  per- 
ceived a  fmall  flame  to  follow  him,  at  the 
diftance  of  about  a  Aepand  a  half,  butitva- 
nilhed  when  he  flopped  to  examine  it.  He 
was  a  good  deal  alarmed  at  the  appearance  at 
firft,  but  afterwards  imagined  it  to  be  occa- 
fioned  by  the  afcenfion  of  the  fulphor,  which 
had  been  thrown  into  the  air  by  the  violent 
continued  eledrification  f. 

•  Sw  a  particoUr  ucoDDt  of  this  compofidon,  and  experi- 
mtnu  with  it,  ia  my  f/i^ay  »f  Di/comrit'  rilatiiig  l»  f^ijiani 
Light,  and  CsUuri,  p.  371. 

t  AblUDdlnng,  p.  ijj. 
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SECTION       IX. 

The  electricity  of  the  TOURMALIN. 

THIS  period  of  my  hiftory  fumiihea  an 
entirely  new  fubjeft  of  eledrical  in- 
quiries ;  which,  if  properly  purfued,  may 
throw  great  light  upon  the  moft  general  pro- 
perties of  eledlricity.  This  is  the  Tturmalin : 
though,  it  muft  be  actnowledged,  the  expe- 
riments which  have  hitherto  been  made  upon 
this  folTil  iland  like  exceptions  to  all  that  was 
before  known  of  the  fubjeift. 

Thf  tourmalin,  as  Dr.  Watfon  fuppofes, ' 
was  known  to  the  anticnts  under  the  name  of 
the  lyncurium.  All  that  Theophraftus  fays 
concerning  the  lyncurium  agrees  with  the 
tourmalin,  and  with  no  other  foflil  that  we 
are  acquainted  with. '  He  fays,  that  it  was 
uied  for  feals,  that  it  was  very  hard,  that  it  was 
endued  with  an  attrafting  power  like  amber, 
and  that  it  was  laid,  particularly  by  Dioclesv 
to  attract  not  only  ftraws,  and  fmall  pieces  of 
wood,  but  aifo  copper  and  iron,  if  beaten  very 
thin;  that  it  was  pellucid,  of  a  deep  red  co- 
lour, and  required  no  fmall  labour  to  poHfh 
it.  The  account  which  paffed  current  among 
the  ancients  concerning  the  origin  of  this 
ftone  was  fabulous,  which  made  Pliny 
think  that  all  that  was  faid  of  it  was  fa- 
bulous too. 

Tins 
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This  ftone,  though  not  much  attended  to 
by  European  philofophers,  till  very  lately,  ia 
common  in  feveral  parts  of  the  Eafl:  Indies, 
and  more  particularly  in  the  ifland  of  Ceylon, 
where  it  is  called  by  the  natives  tournamal. 
In  this  ifland  the  Dutch  became  acquainted 
with  it,  and  by  them  it  is  called  ajchentrikkcr-, 
from  its  property  of  attraiiing  aChes,  when  it 
is  thrown  into  the  fire. 

The  firft  account  we  have  had,  of  late 
years,  concerning  this  extraordinary  ftone  is  in 
the  Hiftory  of  the  Royal  Academy  of  Sciences 
at  Paris  for  the  year  1717;  where  we  are  told, 
that  Mr.  Lemery  exhibited  a  ftone,  which  was 
not  common,  and  came  from  Ceylon.  This 
ftone,  he  faid,  attradied  and  repelled  fmall 
light  bodies,  fuch  as  alhes,  filings  of  iron, 
bits  of  paper,  &c. 

LiNN^us,  in  his  Flora  Zeylonica,  men- 
tions this  ftone  under  the  name  of  lapis  ekSiri- 
cuiy  and  takes  notice  of  Mr.  Lemery*s  expe- 
riments. 

Notwithstanding  this,  no  farther  men- 
tion was  made  of  this  ftone  and  its  efFefis  till 
fome  years  after  ;  when  the  Due  De  Noya,  in 
his  letter  to  Mr.  Buffon,  prefented  to  the 
Royal  Society,  informed  us,  that  when  he 
was  at  Naples,  in  the  year  1743,  ^^^  Count 
Pichetti,  fecretary  to  the  king,  aiTured  him, 
that,  during  his  ftay  at  Conftantinople,  he 
had  feen  a  fmall  ftone  called  tourmalin^  which 
.attracted  and  repelled  afhes.  This  account  the 
Due  De  Noya  had  quite  forgotten,  but  being 
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in  Holland  -in  the  year  1758,  he  faw,  and 
purchafed  two  of  thofe  ftones.  With  theCe, 
in  company  with  Meffrs.  Daubenton  and 
Adamfon,-  he  made  a  great  number  of  expe- 
riments, of  which  he  favoured  the  public  with 
a  particular  account  *. 

Bo  T  prior  to  the  Due  De  Noya's  experi- 
ments, Mr.  Lechman  had  acquainted  Mr. 
^pinus  with  the  attradlive  power  of  the  tour- 
malin, and  furnilhed  him  with  two  of  them, 
on  which  he  made  many  experiments ;  the  re- 
fult  of  which  he  publiflied  in  the  Hiftory  of 
the  Academy  of  Sciences  and  Belks  Lettres  at 
Berlin  for  the  year  1756.  The  fubftance  of 
the  memoir  is  as  follows. 

The  tourmalin  has  always,  at  the  fame 
time,  a  pohtive  and  a  negative  eledricity ; 
one  of  its  fides  being  in  one  ftate,  and  the 
other-in  the  oppofite ;  and  this  does  not  de- 
pend on  the  external  form  of  the  ftone.  Thefe 
eleiftricities  he  could  excite  in  the  ftrongeft 
degree,  by  plunging  the  ftone  i(i  boiling- 
water. 

If  one  fide  of  the  tourmalin  be  heated 
.  more  than  the  other  (as  if  it  be  laid  upon  a 
hot  cake  of  metal)  each  of  the  fides  acquire  an 
eleJlricity  oppofite  lo  that  which  is  natural  to 
it ;  but  if  left  to  itfelf,  it  will  return  to  its 
natural  ftate. 

If  one  of  the  fides  of  the  tourmalin  be  rub- 
bed, while  the  other  is  in  contaft  with  ibme 
conduftor  communicating  with  the  ground ; 

•  Phil.  Tranf.  Vol.  li  pt.1.  p.  356.    , 
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the  rubbed  fide  is  always  pofitiTC,  and  the 
other  negative.  If  neither  fide  be  in  contad 
with  a  cpndu^r,  both  become  poGtive.  If, 
in  the  former  of  thefe  cafes,  the  tourmalin  be 
rubbed,  fo  as  to  acquire  a  fe'nfible  heat,  and 
the  fide  which  is  naturally  pofitive  be  made 
negative,  it  will  upon  (landing  to  cool,  re- 
turn to  its  natural  Hate ;  but  if  it  have  acquir- 
ed no  fenfible  heat,  it  will  not  return  to  its 
natural  ftate  vrhile  any  kind  of  eledlricity  re- 
mains. If  it  be  heated,  even  when  it  is  rub- 
bed and  infulated,  (in  which  cafe  both  fides 
become  pofitive)  it  will  ftill  return  to  its  na- 
tural ftate  upon  cooling. 

The  Due  De  Noya  mentions  thpfe  experi- 
ments of  Mr.  Xpinus,  but  does  not  admit  of 
a  plus  and  minui  eledtricity  belonging  to  the 
tourmalin  when  heated.  On  the  contrary,  he 
lays,  that  both  the  fides  are  elei^rified  plus, 
tut  one  of  them  more  than  the  other,  and 
tha,t  it  was  the  difference  between  thofe  de- 
grees which  led  Mr.  .£^nus  into  his  mif- 
take*. 

The  tourmalin  was  introduced  to  the  no- 
tice of  the  Englilh  philofopbers  by  Dr.  Heber- 
den,  who  fortunately  recollefting  to  have  feen 
one  of  them,  many  years  before,  in  the  pof- 
-feifion  of  Dr.  Sharp  at  Cambridge  (and  it  waa 
the  only  one  known  in  England  at  that  time) 
procured  it  for  Mr.  Wilfon ;  who,  though  it 
was  but  a  fmall  one,  repeated  with  it  moft  off 
the  experiments  of  Mr.  ^pinus,  fo  far  as  to 

•  Phil.  Tranf.  Vol.  Ivii.  pt,  i.  p.3i$> 
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fatisfy  himfelf  that  his  opinion  of  its  pofitive 
and  negative  power  was  well  founded. 

Afterwards, Dr.  Heberden,  everdefirous 
of  extending  the  boi^nds  of  fcience,  procured 
fome  of  thefe  ftones  from  Holland,  and  put 
them  into  the  hands  of  thofe  perfons  who 
were  likely  to  make  the  beft  ufe  of  them, 
particularly  Mr.  Wilfoh  and  Mr.  Canton  j  ia 
whofe  hands  they  were  not  lodged  in  vain,  as 
will  appear  by  the  brief  account  I  fhall  fub- 
join  of  their  experiments  upon  them. 

Mr.  Wilson*8  obfervations  are  too  many, 
and  too  particular  to  be  all  inferted  in  this 
work.  The  refult  of  them  was,  in  the  main, 
the  fame  with  that  of  Mr.  ^pinus,  eftablifli- 
ing  the  opinion  of  the  two  different  powers  of 
this  ftoner ;  But,  contrary  to  Mr.  ^pinu»,  he 
afferts,  that  when  the  fides  of  the  tourmalin 
are  unequally  heated,  it  exhibits  that  fpecies 
of  eleiflricity  which  is  natural  to  the  hotter 
fide,  that  is,  the  tourmalin  is  plus  on  both 
fides,  when  the  pius  fide  is  the  hotter ;  and 
minus  on  both  fides,  when  the  minus  fide  is  the 
hotter. 

Upon  this  Mr.  iEpinus repeated  all  his  for- 
mer experiments,  and  ftill  found  the  refult  of 
them  agreeable  to  his  former  cooclufion,  and ' 
contrary  to  that  of  Mr.  Wilfon.  Mr.  Wilfoa 
alfo  repeated  his,  without  any  variation  in  the 
event,  and  imagined  the  difference  between 
him  and  Mr.  ^pinus  might  arife  from  the 
different  fizes  of  the  tourmalins  they  made 
ufe  of,  or  from  their  different  manner  of  mak- 
ing the  experiments.  And  it  is  evident,  from 
B  b  2  the 
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tlie  defcriplion  of  both  their  apparalufes,  that 
of  Mr  Wilfon  was  much  better  calculated  for 
the  purpofe  of  accurate  experiments  than  that 
of  Mr.  j'Epinus.  Mr.  Wilfon.  alfo  ufed  a 
greater  variety  of  methods  of  communicating 
heat  to  his  tourmalins.  He  both  plunged  them 
in  boiling  water,  held  them  to  the  flame  of  a 
candle,  and  expofed  them  to  heated  infulated 
ele-trics  *.  '  ' 

Though  the  detail  of  all  Mr.  Wilfon*s  ex- 
periments would  be,  as  I  obferved  before, 
much  too  long  for  my  purpofe,  I  cannot  help 
relating  one  of  them,  which  \?as  made  with 
the  laft  mentioned  method  of  treating.  He 
heated  one  end  of  a  glafs  tube  red-hot,  and 
when  he  had  expofed  what  both  he  and  Mp. 
jEpinus  call  the  negative  fide  of  the  tourma- 
lin to  it;  he  obferved  that  about  three  inchea 
of  the  heated  part  of  the  glafs  were  eleflrified 
minus^  though  the  glafs  beyond  that  was  elec- 
trified /»/hj,  and  continued  fo  even  after  the 
glafs  was  cold,  the  eleclric  fluid  having  pafled 
from  the  tourmalin  to  the  glafs ;  fince  thefe 
were  the  fame  appearances  that  were  pro- 
duced by  prefenting  an  excited  tube  to  the 
heated  glafs. 

He  then  applied  the  plus  fide  of  the  tour- 
malin to  the  fame  heated  glafs,  and  found  that 
the  tube  was  eleflrified  minus^  above  a  foot  in 
length,  without  the  leaft  appearance  of  zplui 
electricity  beyond  the  mmus  one,  as  in  the 
other  experiment ;  and  this  minus   eleflricity 

'  Phil.  Traof.  Vui:  Uii.  p.  436,  &c 
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appeared  when  the  tube  was  nearly  cold.  In 
this  cafe  he  judged  that  the  ele^ric  fluid  had 
paffed  from  the  glafs  to  the  tourmalin. 

Mr.  Wilson  imagined  that  the  tourmalin, 
as  well  as  glafs,  ,was  permeable  to  the  elec- 
tric fluid,  and  that  the  refiftance  to  its  enter- 
ing the  fubftance  of  it  was  lefs  on  what  he 
calls  the  negative  than  on  the  pofitive  fide. 
Thefe  conclufions  he  drew  from  the  two  fol- 
lowing experiments.  Rubbing  the  pofitive 
'fide  of  the  ftone  flightly,  he  found  both  fides 
eleiariBed  plus.,  but  riibbing  the  negative  fide 
in  the  fame  manner,  botK  fides  were  electrified 
plut  more  ftrongly  than  before  *. 

Several  experiments  led  Mr.  Wilfon  to 
conclude  that  the  tourmalin  refifted  the  exit 
and  entrance  of  the  eledric  fluid  confiderably 
lefs  than  glafs',  or  even  than  amber  ;  and  upon 
the  whole  he  infers,  that  the  tourmalin  dif- 
fers in  nothing  from  other  eleflric  bodies  but 
■  in  acquiring  electricity  by  heat  "f. 

Examining  a  great  number  of  tourmalins, 
he  found  that  a  line  drawn  from  the  plus 
part,  through  the  center  of  the  fl:one,  would 
always  pafs  through  the  minus  part. 

Almost  all  thefe  tourmalins  he  greafed 
over,  and  whilft  they  were  warm  enough  to 
preferve  the  greafe  liquid,  he  tried  each  tour- 
malin feparately,  but  found  no  alteration  in 
the  virtue  of  the  ftone,  except  that  it  was  a 
little  weakened ;  though  it  is  well  known,  he 
fays,  that  moifture  of  any  fort  readily  conducts 

*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  327.  f  IbiJ.  p.  319. 
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the  eleflric  fluid.  .  If,  therefore,  the  tour- 
malin had  not  a  fixed  kind  of  eleflricity,  the 
plus  and  minus  ele<aricity,  obfervable  on  the 
two  fides  of  the  ftone,  muft,  by  this  treat- 
ment, have  united  and  deftroyed  each  other. 
From  this  circumflance  Mr.  Witfon  conclud- 
ed, that  the  tourmalin  fuffered  the  eleiiiric 
fluid  to  pafs  through  it  only  in  one  direction, 
and  that  in  this  it  bore  fome '  analogy  to  the 
loadftone  j  having,  as  it  were,  two  eleflric 
poles,  which  are  not  eafily  deftroyed  or  alter- 
ed *.  But  he  was  not  aware  how  imperfefl: 
a  conduflor  oil  or  greafe  of  any  kind  is. 

This  induced  him  to  try  whether,  like  the 
loadftone,  the  tourmalin  would  lofe  its  vir- 
tue after  being  made  red-hot;  but,  though  he 
kept  two  of  them  in  a  ftrong  fire  for  haJf  an 
hour,  he  could  not  perceive  the  leaft  altera- 
tion in  them :  but  plunging  one  in  water, 
while  it  was  red-hot  entirely  deftroyed  its 
virtue,  and  gave  it  the  appearance  of  having 
been  ftiivered  in  many  parts  without  break- 
ing "t".  He  obferves  that  when  a  tourmalin, 
which  he  had  from  Dr.  Morton,  was  held  be* 
tween  the  eye  and  the  light,  and  viewed  in 
the  dire<ftion  through  which  the  ele&ric  fluid 
is  found  to  pafs,  it  appears  of  a  darker  colour 
confiderable  than  when  it  is  viewed  at  right 
angles  to  the  former  direSion.  This  appear- 
ance, he  fays,  obtains  in  many  other  tourma- 
lins, efpecially  when  they  happen  to  be  as 
conveniently  fliaped  J. 

•  Phil.  Trtnf.  Vol.  li.  pt.  i.  p.  337,  J38. 

i  Ibid.  p.  338  t  Ibid.  Vol.  liir.  p.  448. 
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NoTwiTHSTAMDiNG  the  attention  given 
to  this  fabjetil  by  Mr.  iEpinus  and  Mr,  Wil- 
fon,  the  moft  important  difcorcVy  relating  to 
the  electricity^  of  the  tourmalin  was  referTcd 
for  Mr.  Canton ;  who,  in  a  paper  read  at  the 
Royal  Society  in  the  fame  month  with  that 
above-mentioned  of  Mr.  Wilfon,  viz.  Decem- 
ber 1759*  obferves,  that  the  tourmalin  emits 
and  abforbs  the  eledric  fluiil  only  by  the  in- 
creafe  or  diminution  of  its  heat.  For  if  the 
tourmalin,  he  fays»  be  placed  on  a  plain  piece 
of  heated  glafa  or  metal,  fo  that  each  fide  of 
it,  by  being  perpendicular  to  the  furface  of 
the  heated  body,  may  be  equally  heated ;  it 
will,  while  heating,  have  the  eleftricity  of 
one  of  its  fides  pofitive,  and  that  of  the  other 
negative,  This  will,  likewife,  be  the  cafe 
when  it  is  taken  out  of  boiling  water  and  fuf- 
fered  to  cool ;  but  the  fide  which  was  pofitive 
while  it  was  heating  will  be  negative  while  ij: 
is  cooling,  and  the  fide  which  was  negative 
will  be  pofitive. 

In  this  paper  Mr.  Canton  refers  to  the  Gen- 
tleman's Magazine  for  the  month  of  Septem- 
ber before,  in  which  he  bad  publiOied  Uie  rc- 
fult  of  fome  experiments  he  had  made  on  a 
tourmalin  which  he  had  procured  from  Hol- 
land. The  propofitions  he  there  lays  down 
are  fo  few,  and  comprife  the  principal  part  of 
what  is  known  upon  this  fubjeft  in  fo  concife 
and  elegant  a  manner,  that  I  fhall  recite  them 
all  in  this  place. 

I.  When  the  tourmalin  is  not  ele&rical  or 

attractive*    heating  it,  without  fri^ion,  will 
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make  it  fo ;  and  the  eledlricity  of  one  fide  . 
of- it    (diftinguiflied  by  A)   will  be  pofuive* 
and  that  of  the  other  i:de  (B)  will  be  ne- 
gative. 

2.  The  tourmalin  not  being  eleifrlcal  will 
become  foby  cooling;  but  with  this  differ- 
ence, that  the  lide  A  will  be  negative,  and 
the  iide  B  t'oiitive. 

3.  If  the  tourmalin,  in  a  non-ele '^i rical 
ftate,  be  healed,  and  fuffered  to  cool  again, 
without  either  of  its  fides  being  touched ;  A 
will  be  pofitive,  and  B  negative,  the  whole 
time  of  the  increafe  and  decreafe  of  its  heat. 

4.  EiTHF.H  fide  of  the  tourmalin  will  be 
pofitive  by  fridlion,  and  both  may  be  made  fo 
at  the  fame  time. 

These,  fays  he,  are  the  principal  laws  of 
the  C:ci3ricity  of  this  wonderful  flone;  and 
he  adds,  if  air  be  fuppofed  to  be  endued  with 
fimilar  properties,  i.  e.  of  becoming  eleflri- 
cal  by  the  increafe  or  diminution  of'  its  heat 
(as  is  probable,  if  its  ftate  before  and  after  a 
thunder  ftorm  be  attended  to)  thunder  clouds 
both  pofitive  and  negative,  as  well  as  thunder 
gufts,  may  eafily  be  account  for. 

THFSf.  capital  difcoverieswere  made  before 
Mr.  Canton  had  received  of  Dr.  Heberden  the 
tourmalins  above  mentioned.  When  thofe 
came  to  his  hands  he  was  enabled  to  make  fe- 
veral  new  and  curious  experiments,  which  I 
have  leave  to  publifh. 

H^  put  one  of  the  tourmalins,  which  was 

of  the  common  colour  into  the  flame  from  a 

blow-pipe  and  burnt  it  white;  when  he  found 
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that  its  eleflrkal  property  was  intirely  dfri 
ftroyed.  The  eledricity  of  another  was  only 
in  part  deflroyed  by  the  fire.  Two  other 
tourmalins  he  joined  together,  v.hen  they 
were  made  foft  by  fire,  without  deftroying 
their  ele£lrical  property.  ,  The  virtue  of  an- 
other was  improved  by  its  being  melted  at 
one  end;  and  he  found  (contrary  to  what 
Mr.  Wilfon  had  obferved  of  another  tourma- 
lin, which  he  treated  in  the  fame  manner) 
that  one  tourmalin  retained  its  eledirical  pro- 
perty after  it  had  been  frequently  made  red- 
hot,  and,  in  that  ftate,  pat  into  cold  water. 

But  the  moft  curious  of  his  experiments 
were  made  upon  a  large  irregular  tourmalin, 
about  half  an  inch  in  length,  which  he  cut 
into  three  pieces;  taking  one  part  from  the 
pofitive,  and  another  from  the  negative  end. 
Trying  thefe  pieces  feparately,  he  found  the 
outer  fide  of  the  piece  which  he  cut  from  the 
end  that  was  negative  when  cooling  was  like- 
wife  negative  when  cooling,  and  that  the 
outer  fide  of  that  piece  which  wis  cut  from 
the  end  that  was  pofitive  when  cooling  was 
likewife  pofitive  when  cooling ;  the  oppofite 
fides  of  both  pieces  being,  agreeable  to  the  ge- 
neral law  of  the  eledricity  of  the  tourmalin, 
in  a  contrary  ftate. 

The  middle  part  of  the  fame  tourmalin  was 
afFefted  juft  as  it  had  been  when  it  was  in- 
tlre;  the  pofitive  end  remained  pofitive,  and 
the  negative  end  continued  negative.  The 
fame  he  had  alfo  obferved  of  two  other  tour- 
maliofi. 
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Bialins,  each  about  the  Hze  of  this,   which 

were  alfo  cut  out  of  a  large  one. 

On  January  the  8th»  1762,  Mr.  Canton 
took  the  Dolor's  large  tourmalin  (which  Mr. 
Wilfon  has  given  a  dcfcription  of  in  the  fifty- 
firft  volume  c£  the  Philofophical  TranJJu^tioDS, 
p.  3 1 6.)  and  having  placed  a  fmall  tin  cup  of 
Ixxling-water  on  one  end  of  his  eledrometer, 
which  was  fupported  by  warm  glafs«  while 
the  pith  balls  were  fufpended  at  the  other  end; 
he  dropped  it  into  the  water,  and  obferved, 
that  during,  the  whole  time  of  its  being  heat- 
ed>  and  alfo  while  it  was  cooling  in  the  wa- 
ter, the  balls  were  not  at  all  ele^ified. 

Till  the  year  1760  it  had  been  fuppofed, 
that,  of  all  eledric  fubftancea>  the  tourmalin 
alone  pofleffed  the  property  of  being  exdtcd 
by  heating  and  cooling  ;  but  in  the  beginning 
of  that  year,  Mr.  Canton  having  had  an  op- 
portunity of  examining  a  variety  of  gems,  by 
the  favour  of  Mr.  Nicolas  Crifp  a  jeweller  in 
Bow  Church-yard,  firft  found  the  Brazil 
topsz  to  have  the  eledtrical  properties  of  the 
tourmalin.  The  largeft  be  met  with  he  put 
into  the  hands  of  Dr.  Heberden,  who  re- 
turned it  November  the  ayth,  1760,  and 
fent  with  it  the  tourmalins  above  men- 
tioned. 

In  September  1761,  Mr.  Wilfon  (who  had 
been  informed  of  Mr.  Canton's  difcovery)  met 
with  feverai  other  gems,  of  different  fizes  and 
colours,  that  refembled  the  tourmalin  with 
refpeft  to  electrical  experiments.  The  rooft 
.  beautiful  of  them  were  fomething  like  the 

ruby, 

r;,<jNjH,j-,Gl.>t5'^lc 


THE   TOURMALIN.         379    ■ 
ruby,  others  were  more  pale,  and  one  inclin- 
ing to  an  orange  colour.     In  point  of  hard-  , 
nefs  and  luftrc,  they  were  nearly  the  fame 
with  the  topaz. 

From  all  his  experiments  upon  thefe  gems 
he  thought  it  was  abundantly  evident,  that 
the  dire^on  of  the  fluid  did  not  depend  upon 
the  external  6gure  of  the  gem,  but  upon  fome 
inrticular  internal  make  and  conllitution  of 
it.  'And  that  there  is  fome  fuch  natural  dif- 
pofition  in  all  gems  affording  thefe  appear- 
ances may  be  colleded,  he  fays,  from  another 
curious  fpecimen  of  the  tourmalin  kind,  which 
is  green,  and  formed  of  long  flender  cryftals 
with  fevecaU  fides ;  many  of  which  are  foand 
ftic^g  t<^ether,  and  are  brought  from  South 
America. 

TuBSE  gems,  numbers  of  which  were  fur- 
nifhed  him .  by  Mr.  Emanuel  Mendes  Da 
Gofta,  he  not  only  found  to  be  like  the  tour- 
malin with  rcfpeft  to  elcftric  appearances; 
but  that  the  diredion  of  the  eledkric  fluid 
moving  therein  was  always  along  the  grain  or 
{hootings  of  the  cryftaU,  one  end  of  it  being 
eleSrified  ^Au,  and  the  other  end  minus.  And 
that  the  fluid  is  more  difpofed  to  pafs  in  that 
diredion  than  in  another,  he  thought,  might 
be  farther  colleSed  from  what  has  been  ob- 
ferved  on  the  grain  of  the  loadftone  by  Dr. 
Knight ;  who  found  that  though  the  magne- 
tic poles  of  the  natural  loadflone  might  be 
varied  in  any  direction,  yet  that  the  fame  load- 
ftone admitted  of  being  made  much  moj'e  mag- 
netical. along  the  grain  than  acrofs  it.  \ 
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From  thefe  experiments  and  obfervations 
Mr.  Wilfon  inferred  by  analogy,  that  the 
eleQric  fluid,  flowing  through  all  thefe  ftones 
and  gems,  moves  in  that  diredion  in  which 
the  grain  happens  to  lie ;  and  that  the  reafon 
of  this  is,  tluit  the  reflflance  which  the  fluid 
meets  with  in  pafling  through  the  gem  is  lefe 
in  that  dirediion  than  in  any  other  *. 

In  a  fubfequent  paper  of  Mr.  WiIfon*s,  read 
at  the  Royal  Society  December  the  23d,  1763, 
and  March  1764,  he  recites  feveral  curious 
experiments  on  the  efFeds  of  removing  the 
tourmalin  from  one  room  to  another,  in 
which  there  was  feme  difl^erence  of  heat ;  the 
refult  of  which  exa£Uy  confirms  Mr.  Canton's 
difcovery,  that  the  fide  which  is  pofitive  when 
heating  is  negative  when  cooling,  and  vice 
•uerj'a.  Upon  a  very  nice  examination,  and' 
during  fome  favourable  clrcumftances,  Mr. 
"Wilfon  fays  he  has  obferved  the  tourmalin  to 
be  feebly  ele£trified,  when  the  thermopi^tcc 
varied  up  and  down  only  one  degree  f. 

•  Phil.  Tranf.  Vol.  lii.  pt.ii.  p.4t3' 
t  Ibid.  p.  4S7' 
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SECTION     X. 

Discoveries  that  have  bfen  made  since 
THOSE  OF  Dk.  franklin,  with  re- 
spect TO  THE   SAMENESS  OF  LIGHTNING 

,     AND  ELECTRICITY. 

THE  year  1752  makes  an'SEra  in  elec- 
tricity no  lefs  famous  than  the  year 
1746,  in  which  'the  Leyden  phial  was  difco- 
vered.  In  the  year  1752,  was  verified  the 
hypothefis  of  Dr.  Franklin,  of  the  identity  of 
the  matter  of  lightning  and  of  the  eledlric 
fluid ;  and  his  great  project  of  trying  the  ex- 
periment by  real  lightning  actually  brought 
down  from  the  clouds,  was  carried  into  exe- 
cution. 

The  French  philofophers  were  the  firft  to 
diftinguini  themfeives  upon  this  memorable 
occafion,  and  the  moft  active  perfons  in  the 
fcene  were  Mr.  Dalibard  and  Delor,  both 
zealous  partifans^as  Mr.  Nollet  calls  them)  of 
Dr.  Franklin.  The  former  prepared  his  ap- 
paratus at  Marly  La  Ville,  fituated  6ve  or  fix- 
leagues  from  Paris,  the  other  at  his  own 
boufe,  on  feme  of  the  higheft  ground  in  that 
capital.  Mr.  Dalibard's  machine  confifted  of 
an  iron  rod  forty  feet  long,  the  lower  extre- 
mity of  which  was  brought  into  a  centry  box, 
where  the  rain  could  not  come;  while,  on 
the  outfide,  it  was  faftened  to  three  wooden 
pofts  by  long  filken  firings  defended  from  the 
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rian.  This  machine  happened  to  be  the  firft 
that  was  favoured  witt  a  vifit  from  this  ethe- 
real fire.  The  philofopher  himfelf  happened 
not  to  be  at  home  at  that  time ;  but,  in  his 
abfence,  he  entrufted  the  care  of  his  apparatus 
to  one  Coiffier  a  joiner,  a  man  who  had  ferved 
fourteen  years  among  the  dragoons,  and  on 
whofe  underftanding  and  courage  he  could  de- 
pend. This  artifan  had  all  proper  inftruc- 
tions  given  him,  both  how  to  make  obferva- 
tions,  and  alfo  to  guard  himfelf  from  any 
harm  there  might  be  from  them ;  beOdes  be- 
ing cxprefsly  ordered  to  get  fome  of  his  neigh- 
bours to  be  prefent,  and  particularly  to  fend 
for  the  curate  of  Marly,  whenever  there  fhould 
be  any  appearance  of  the  approach  of  a  thun- 
der ftorm.  At  length  the  long  expected  event 
arrived. 

On  Wednefday  the  10th  of  May  1752,  be- 
tween two  and  three  o*clock  in  the  afternoon, 
Coiffier  heard  a  pretty  loud  clap  of  thunder. 
Immediately  he  flies  to  the  machine,  takes  a 
phial  furniQied  with  a  brafs  wire,  and  pre- 
fenting.one  end  of  the  wire  to  the  rod,  he  fees 
a  fmall  bright  fpark  iflue  from  it,  and  hears 
the  fnapping  that  it  made.  Taking  a  fecond 
fpark  ftronger  than  the  former,  and  attended 
with  a  louder  report,  he  calls  hij  neighbours, 
and  fends  for  the  curate.  The  curate  runs 
with  all  his  might,  and  the  parifliioners,  fee- 
ing the  precipitation  of  their  fpiritual  guide, 
imagine  that  poor  Coiffier  had  been  killed  with 
lightning.  The  alarm  fpreads  through  the  vil- 
lage, and  the  hail  which  came^on  did  not  pre- 
vent 
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vent  the  flock  from  foUowing  their  fliepherd. 
The  honeft  ecclefiaftic  arriving  at  the  machine, 
and  feeing  there  was  no  danger,  took  the  wire 
into  his  own  hand*  and  immediately  drew  fe- 
veral  ftrong  fparks,  which  were  moft  evident- 
ly of  an  clearical  nature,  and  completed  the 
difcovery  for  which  the  machine  was 
ereaed. 

Th  e  thunder  cloud  was  not  more  than  z 
quarter  of  an  hour  in  pafiing  oTer  the  zenitH 
of  the  machine^  and  there  was  no  thunder 
heard  belides  that  fingle  clap.  As  foon  as  the 
Aorm  was  over,  and  no  more  fparks  could  be 
drawn  from  the  bar,  the  curate  wrote  a  letter 
.  to  Mr.  Dalibard,  containing  an  account  of  this 
remarkable  experiment,  and  fent  it  immediate- 
ly by  the  hands  of  Coiffier  himfelf. 

He  fays,  that  he  drew  fparks  from  the  bar 
of  a  blue  colour,  an  inch  and  a  half  in  length, 
and  which  fmelled  ftrong  of  fulphur.  He  re- 
peated the  experiment  at  leaft  (ix  times  in  the 
fpace  c^  about  four  minutes,  in  the  prefence 
of  many  perfons,  each  experiment  taking  up 
the  time,  as  he,  in  the  llile  of  a  prieil  ex- 
preffes  himfelf,  of  a  pafer  and  an  ave.  In 
the  courfe  of  thefe  experiments  he  received 
a  llroke  on  his  arm,  a  little  above  the  elbow, 
but  he  could  not  tcli  whctlier  it  came  from  the 
brafs  wireinfertcd  into  the  phial,  or  from  the 
iron  bar.  He  did  not  attend  to  the  ftroke  at 
the  time  he  received  it,  but,  the  pain  con- 
tinuing, he  uncovered  his  arm  when  he  went 
home,  in  the  prefence  of  Coiffier  ;  and  a  mark 
was  perceived  round  his. arm,  fuch  as  might 
have 
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have  been  made  by  a  blow  with  the  wire  on 
his  naked  fkin ;  and  afterwards  feveral  per- 
fons,  who  knew  nothing  of  what  had  hap- 
pened, faid  that  they,  perceived  a  fmell  of  ful- 
phur  when  he  came  near  them^ 

CoiFFiER  told  Mr.  Dalibard,  that  for  about 
a  quarter  of  an  hour  before  the  curate  arrived, 
he  had,  in  the  prefence  of  five  or  iix  perfons, 
taken  much  ftronger  fparks  than  thofe  which 
the  curate  mentioned  *. 

Eight  days  after,  Mr.  Delor  fawthefame 
thing  at  his  own  houfe,  although  only  a  cJoud 
pafled  over,  without  cither  thunder  or  light- 
ning f. 

,  The  fame  experiments  were  afterwards  re- 
peated by  Mr.  Delor,  at  the  requeft  of  the 
king  of  France,  who,  it  is  faid,  faw  them 
with  the  greateft  fatisfa£lion,  and  exprefled  a 
juft  fenfe  of  the  merit  of  Dr.  Franklin.  Thefe 
applaufes  of  the  king  excited  in  Mr.  De  Buf- 
fon,  Dalibard,  and  Delor,  a  defire  of  verify- 
ing Dr.  Franklin's  hypothelis  more  complete- 
ly, and  of  purfuing  his  fpeculations  upon  the 
fubjed. 

M;i.  Delor's  apparatus  in  Paris  confifted 
of  a  bar  of  iron  ninety-nine  feet  high,  and 
anfwered  rather  better  than  that  of  Mr.  Dali- 
bard, which,  as  was  obferved  before,  was  on- 
ly foriy  feet  high.  But  as  the  quantity  of 
eledricity  which  they  could  procure  from  the 
clouds,  in  thefe  firft  experiments,  was  but 
fmall,  they  added  to  this  apparatus  what  they 

•   Daliliard's  Franklin,   Vol.  ii.   p.  109,  Sec. 
t  NoiUt't  Lettei),  Vol.  i.  p.  9. 
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called  a  magazine  df  eledricityi  confifting  of 
many  bars  of  iron  infulated,  and  communi- 
'  eating  with  tile  pointed  irpn  rod.  This  ma- 
gazine contained  more  of  the  elcfSric  matter, 
and  gave  a  more  fenf]ble  fpark,  upon  the  ap-« 
f  roach  of  the  finger  than  the  pointed  bar. 

A  Magazine  of  this  kind  Mr.  Mazeas 
had  in  an  upper  room  of  his  houfe,  into  which 
he  brought  the  lightning, .  by  means  of  a 
wooden  pole  projcdling  out  of  his  window,  at 
the  extremity  of  which  a  glafs  tube,  filled 
.  with  rofin,  received  a  pointed  iron  rod,  twelve 
,  feet  long.  But  all  this  while  the  eleftrics, 
'  which  they  made  ufe  of  to  fupport  thefe  iron  . 
.  rods,  were  too  much  expofed  to  the  open 
'  air,  and  confequently  were  liable  to  be  wet* 
which  would  infallibly  defeat  their  experi- 
ments. 

The  mod  accurate  experiments,  itiadewith 
thefc  imperfed  inilruments,  where  thofe  of 
.  Mr.  Monnier.     He  was  convinced  that  the 
high  fituation  in  which  the  bar  of  iron  had 
■  commonly  been  placed  was  not  absolutely  ne- 
•  eeffary  for  this  purpofe;  for  he  obferved  a 
common  fpeakitig-triimpeti  fufpended  upon 
filk  five  or  fix  feet  from  the  ground,  to  exhi- 
bit very  evident  figns  of  elei^ricity.    He  alfo 
.  found  that  a  man  placed  upon  cakes  of  rofin, 
and  holding  in  liis  hand  a  wooden  pole,  about 
eighteen  feet  long,  about  which  an  iron  wtre 
was  twifted,  was   fo  well  electrified  when  it 
thundered,-  that    very    lively    fpark«    were  . 
drawn   from   him ;   and    that  Another   man, 
Handing  upon  non-eledrics)  in  the  middle  of 
C  c  agardeni. 
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a  garden,  and  only  holding  up  one  of  his 
hands  in  the  air,  attradled,  with  the  other 
hand,  fhavings  of  wood  which  were  held  to 
him. 

He  fays,  that  he  obfenred  a  continual  di- 
minution of  the  electricity  when  the  rain 
came  on,  though  the  thunder  was  ftiU  very 
loud,  and  though,  the  cake  of  rofin  which 
fupported  his  condu^or  was  not  wet.  But  he 
afterwards  found,  that  this  was  not  univet- 
ially  true. 

He  once  obferved,  that  when  the  conduct- 
ing wire  was  furrounded  with  drops  of  rain, 
only  fome  of  them  were  eleftrified,  as  was 
evident  from  the  conical  figure  they  had, 
while  the  reft  remained  .round  as  before.  It 
was  alfo  perceived,  that  the  eledrified-  and 
non-ele<^ritied  drops  generally  fucceeded  Catih 
other  alternately ;  which  made  Mr.  Monnicr 
call  to  mind  a  Angular  phenomenon,  which 
happened  fome  years  before  to  five  peafants 
who  were  paffmg  through  a  corn  6eld,  near 
Frankfort  upon  the  Oder,  during  a  thunder 
ftorm;  when  the  lightning  killed  the  firft,the 
third,  and  the  fifth  of  them,  without  injuring 
the  fecond  or  the  fourth  *. 

It  was  not  owing  to  any  want  of  attention 
to  this  fubjeCi  that  the  Englifh  philofophers 
were  not  the  firft  to  verify  the  theory  of  Dr. 
Franklin.  They  happened  to  have  few  op- 
portunities of  trying  experiments.  In  the 
few  they  had,   they  were  difappointed  by 

•  Phil.  TH»r.  Vol.  alvii.  p.  551, 
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ttie  rain  wetting  their  apparatus,  which  was 
not  better  conftru^ed  than  that  of  th€ 
French. 

At  length  fuccefs  crowned  the  afliduity  Snd 
happier  contrivance  of  Mr.  Canton,  who,  to 
the  lower  end  of  his  conducing  wire,  had 
had  the  precaution  to  fatten  a  tin  cover,  to 
keep  the  rain  from  the  glafs  tube  which  fup- 
ported  it.  By  this  means,  on  the  20th  of 
July  17^2,  he  got  fparks  at  the  diftancc  of 
half  an  inch,  but  the  whole  appearance  ceafed 
in  the  fpace  of  two  minutes  •. 

Mr.  Wilson,"  who  took  great  pains  iH 
thefe  purfuits,  as  he  did  in  every  thing  elfe 
relating  to  eleftricity,  perceiving  fevcral  elec- 
trical fnaps»  on  the  i  ath  of  Auguft  foUow- 
ing)  from  no  other  apparatus  than  an  iron 
curtain  rod ;  one  end  of  which  he  put  into 
the  neck  of  a  glafs  phial*  which  he  held  in 
his  hand,  while  the  other  was  made  to  point 
into  the  air. 

Ds.  Bt.vis  alfo,  at  this  time,  viz.  oti  the 
1 2th  of  Auguft,  obferved  nearly  the  famtf 
appearances  that  Mr.  Canton  Had  done  be- 
fore -f. 

Mr.  Camton  afterwards,  refuming  his  ob-  . 
fervations  on  lightning,  with  the  affiduity 
and  accuracy  with  which  he  obferves  every 
thing,  found,  by  a  great  number  ctf  experi- 
ments, that  feme  clouds  were  in  a  pofitiTCi 
and  fome  in  a  negative  ftate  of  electricity. 
And  that>,  by  this  meaiie,  the  ele^ricity  of 

•  Phil.  Ttanf.  Vol.  xlvii.  p.  ;6». 
f  Ibid,  p  {(19, 
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his  condu^or  would  fometimes  change  frohi 
one  flate  to  the  other  five  or'  fix  times  in  te& 
than  half  an  hour  *. 

This  obfervation  of  Mr.  Canton,  on  the 
different  eiedricity  of  the  clouds  was  made,  and 
the  account  of  it  publiftied  in  England,  before 
it  was  known  that  Dr.  Franklin  bad  made  the 
iame  difcovery  in  America. 

When  the  air  was  dry,  he  obferved,  that 
the  apparatus  would  continue'  eleftrified  for 
ten  minutes,  or  a  quarter  of  an  hour  after  the 
clouds  had  pa^Ted  the  zenith,  and  fometimes 
till  they  were  more  than  half  way  towards 
the  horizon ;  that  rain,  efpecially  when  the 
drops  were  large,  generally  brought  down 
the  eleftric  Brej  and  hail  in  ftimmer,  he  be- 
lieved, never  failed.  The  laft  obfervation  he 
had  made  before  the  time  of  his  writing  this 
paper,  when  his  apparatus  had  been  eledrifi- 
ed  by  a  fall  of  thawing  fnow.  This  was  on 
the  1 2th  of  November  1753,  which,  he  fays, 
.was  the  26th  day,  and  the  fixty-firft  time,  it 
had  been  eleftritied  fince  it  was  firft  fet  up, 
viz.  about  the  middle  of  the  preceding  May. 

Only  two  thunder  ftorms  had  happened 
at  London  during  that  whole  fummer,  and 
Mr.  Canton's  apparatus  was  fo  ftrongly  elec- 
trified by  one  of  them,  that  the  ringing  of 
the  bells  (which  he  fufpended  to  ,his  appara- 
tus, to  fignify  when  the  eleftrification  was 
begun,  and  which  were  frequently  rung  fo 
loud  as  to  be  heard  in  every  room  in  the 

•  Phil.  TrMf.  Vol.  jilriii.  pt.  i.  p.  sjS. 
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hoiife)  was  ftifled  Jjy  the  almoft  conftant 
ftream  of  denfe  Jleftric  fire  between  each  bell 
and  the  brafs  ball,  which  woiild  not  fuffer  it 
to  ftrike. 

Upon  a  farther  occafion,  he  obfervcs,  that 
in  the  fuccecding  months  of  January,  Febru- 
ary, and  March,  his  apparatus  was  eleifirified 
no  lefs  than  twenty-five  times,  both  pofitive- 
ly  and  negatively,  by  fno.w  as  well  as  by  hail 
and  rain ;  and  almoft  to  as  great  a  degree 
when  Fahrenheit's  thermometer  was  between 
twenty-eight  and  thirty-four,  as  he  had  ever, 
known  it  in  fummer,  except  in  a  thunder- 
ftorm  *. 

Mr.  Canton  concludes  his  paper  with 
propofmg  the  two  following  queries,  i.  May 
not  air  fuddenly  rarefied  give  eleftric  fire  to, 
and  air  fuddenly  condenfed  receive  eledtricfire 
from  clouds  and  vapours  paffing  through  it  ? 
2.  Is  not  the  aurora  '^orealis  the  flaftiing  of 
electric  fire  from  pofitive  towards  negative 
clouds  at  a  great  diitance,  through  the  upper 
part  of  the  atmofphere,  where  the  refiftance  is 
leaftt? 

Mr.  Canton  not  only  obferved  the  diffe- 
rent ftates  of  pofitive  and  negative  eleiSricity 
in  the  clouds,  but  alfo  noted  the  proportion 
that  the  one  bore  to  the  other  for  a  confider- 
able  time.  In  the  firil  period  he  had  obferved 
the  clouds  had  been  pofitively  eleftrical  Hj 
times,  and  negative  10  r.    In  this  period  he 

•  Phil.  Tnof.  Vol.  xlviii.  pt-  ii.  p.  785. 
t  Ibid.  pi.  i.  p  3s8. 
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had  punftually  fet  down  how  often  the  powers 
had  ftiifted,  and  the  whole'  time  thajt  the 
apparatus  continued  to  be  eleftrified,  but  he 
had  intirely  neglefled  to  note  the  time  that 
each  power  lafted.  But  this  lafl  circ.»Biflan«? 
he  afterwards  carefully  attended  to  for  about 
two  months,  viz.  from  the  28th  of  June  to 
the  23d  of  Auguft  1754;  and  found  the  ap- 
paratus to  be  ele<3rified  pofitively  thirty-one 
times,  which  taken  together  lafted  three  hours 
tbirty-6ve  minutes ;  and  negatively  forty-five 
times,  the  whole  duration  of  which  was  tea 
hours  thirty-nine  minutes.  He  alfo  obferved 
that  the  pofitive  power  was  generally  the 
ftrooger.  This  account  he  wrote  the  3 1  ft  of 
Auguft  1754. 

Th  ese  obfervations,  which  Mr.  Canton  gives 
me  leave  to  make  public,  are  extremely  curi- 
ous, and  muft  have  required  great  attention  j 
but  they  are  hardly  fufiicient  to  authorize  aay> 
general  conclufion. 

One  of  the  effedls  of  lightning  and  elec- 
tricity is  the  melting  of  metals.  This  was 
firft  thought  to  be  a  cold  fufion ;  but  that  opi-^ 
nion  is  refuted,  in  a  very  fenfible  manner,  by 
Dr.  Knight,  in  a  paper  read  at  the  Royal  So- 
ciety, November  22d,  1759.  He  obferves, 
that  the  inilances  moft  generally  given  of  cold 
fufion  are  two,  viz.  that  of  a  fword  being 
melted  in  its  fcabbard,  and  that  of  money  be- 
ing melted  in  a  bag,  both  the  fcabbard  and 
the  bag  remaining  unhurt. 

A   GREAT    number  of  authors,    he  fays, 

b^ve  mentioiltd  both  the  fa^s,  but  without 

giving 
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giving  either ,their  own  teftimony,  or  that  of 
any  one  elfe  for  the  truth  of  them,  or  defcrib- 
ing  any  of  the  other  concomitant  circum- 
Aances.  And  it  feemed  to  him  very  poiTiblet 
that  lightning  might  produce  effe^s  ftmilar  to 
tjiofe  above  mentioned,  without  our  being 
obliged  to  have  recourfe  to  a  cold  fufion  to 
account  for  them. 

If,  fays  he,  the  edge  or  external  fiirface  of 
a  fword  had  been  melted,  whilfl  the  main 
part  of  the  bMe  remained  entire,  it  would 
have  afforded  fufficient  ground  to  aOert,  in 
general  terms,  that  the  fword  was  melted, 
and  yet  the  fcabbard  might  have  remained 
unhurt  j  becaufe  either  the  edge  or  furface  of 
a  fword  might  be  inftantly  melted  by  light- 
ning and  cooled  fo  fuddenly,  as  to  make  no 
impreffion  of  burning  upon  the  fcabbard.- 
Metals,  as  well  as  other  bodies,  he  obferves, 
will  both  heat  and  cool'  fooner  in  proportion  ' 
as  they  are  thin  and  flender ;  that  very  fmall 
wire  will  inftantly  become  red  hot,  and  tven 
melt,  and  run  into  a  round  globule  in  the 
Same  of  a  common  candle;  though  it  is  no 
fooner  removed  out  of  the  flame,  but  it  is  in- 
ftantly cold  He  therefore  concludes,  that  the 
edge  of  a  fword,  or  even  its  furface,  might 
be  inftantly  melted  by  lightning;  and  being 
in  contaa  with,  or  rather  ftill  united  to  the 
reft  of  the  bkde,  which  might  be  cold,  it 
,would  part  with  its  heat  too  fuddenly  to  pro- 
duce any  appearance  of  burning. 

Hb   was  conhrmed   in   this   reafoning,  by 
examining  foiue  fragments  and  particles  of 
C  c  4  wire' 
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wire  melted  by  lightning,  which  were  fent 
him  by  Mr.  Mountaine.  Amongft  them  ap- 
peared globules  of  various  fizes,  which  had 
undergone  very  different  degrees  of  fufion. 
The  largfft  of  them  had  not  been  fluid  enough 
to  put  on  a  fperical  figure,  but  they  approach- 
ed nearer  to  it,  in  proportion  as  they  were 
fmaller  ;  fo  that,  in  the  fmalleft  granulje,  the 
iufion  was  moft  perfeifl,  the  globules  being 
very  round  and  fmooth.  Their  fizes  con-, 
tlnued  diminilhing  till  they  became .  invifible 
to  the  naked  eye,  and  feme  of  them,  when 
viewed  with  a  microfcope,  required  a  third  or 
fourth  magnifier  to  fee  them  diftinftly. 

SoM  E  of  the  bits  of  wire  were  rough  and 
fcaly,  like  burnt  iron,  and  were  fwelled  ia 
thofe  places  where  they  were  beginning  to 
melt.  Others  continued  ftraight,  and  of  an 
equable  thicknefs ;  but  their  outward  furface 
feemed  to  have  undergone  a  perfeft  fufion,  fo 
that  there  were  two  or  more  pieces  adhering' 
together,  as  if  joined  by  a  thin  folder. 

In  the  Philofophical  Tranfadlions,  Dr. 
Knight  fays,  there  are  two  or  three  relations 
which  feemed  at  firft  to  favour  a  cold  fufion, 
but  when  duly  conlidered  prove  nothing  con- 
clufive  •. 

But  that  there  is  really  no  fuch  thing  as 
cold  fufi'on,  cither  by  electricity  or  lightning, 
was  moft  clearly  demonftrated  by  Mr.  Kin- 
nerfley,  in  a  letter  to  Dr.  Franklin,  dated  Phil- 
adelphia, March  1 2th,  1 76 1 . 

•  Phil.  TrtBf.  Vol.  U.  pt.  i.  p.  ag^,  4c. 
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He  fufpended  a  piece  of  fmall  brafs  wire, 
about  twenty- four  inches  long,  with  a  pound 
weight  at  the  lower  end ;  and,  by  fending 
through  it  the  charge  of  a  cafe  of  bottles, 
containing  above  thirty  feet  of  coated  glafs, 
he  difcovered  what  he  calls  a  new  method  of 
wire-drawing.  The  wire  was  red-hot,  the 
whole  length  well  annealed,  and  above  an 
inch  longer  than  before,  A  fecond  charge 
melted  it  fo  that  it  parted  .near  the  middle, 
and  meafured,  when  the  ends  were  put  to- 
gether, four  inches  longer  than  at  firft. 

This  experiment,  he  fays,  was  propofed 
to  him  by  Dr.  Franklin,  in  order  to  find 
whether  the  eleffiricity,  in  palling  through 
the  wire,  would  fo  relax  the  cohefion  of  its 
conftituent  particles,  as  that  the  weight  might 
produce  a  feparatton ;  but  neither  of  them  Irad 
the  leaft  fufpicion  that  any  heat  would  be  pro- 
duced. 

That  he  might  have  no  doubt  of  the  wire 
being  hot^  as  well  as  reJy  .he  repeated  the  ex- 
periment on  another  piece  of  the  fame  wire, 
encompaffed  with  a  goofe  quill,  filled  with 
loofe  grains  of  gun- powder  ;  which  took  fire, 
as  readily  as  if  it  had  been  touched  with  a  red- 
hot  pojcer.  Alfo  tinder,  tied  to  another  piece 
of  the  wire,  kindled  by  it ;  but  when  he  tried 
a  wire  about  twice  as  big,  he  could  produce 
no  fuch  efFe(3s, 

Hkkce,  fays  he,  it  appears,  that  the  elec- 
tric fire,  though  it  has  no  fenfible  heat,  when 
in  a  ftate  of  reft,  will,  by  its  violent  motion, 
and  the  refiftance  it  meets  with,  produce  heat 
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in  other  bodies,  when  palTtng  through  thetn, 
prorid^d  they  be  fmall  enough.  A  great 
^quantity  will  pafs  thraugh  a  large  wire,  with- 
out producing  any  fenfible  beat;  when  the 
fame  quantity,  paffing  through  a  very  fmall 
one,  being  tbei;e  confined  to  a  parrower  pafTage, 
tike  particles  crowding  clofer  together,  and 
.  meeting  with  a  greater  '  refiflance,  wilt  make 
it  red-hot,  and  even  melt  it. 

Hence,  he  concludes,  that  lightning  does 
not  melt  metal  by  a  cold  fufion,  as  Dr.  Frank- 
lin and  bhnfelf  had  fbrmerly  fuppofed;  but 
that,  when  it  palFed  through  the  blade  of  a 
ivfori,  if  the  quantity  was  not  very  great,  it 
might  heat  the  point  fo  as  to  melt  it,  while  the 
tvoadeft  and  the  thickefl  part  might  nut  be 
fcnfibly  warmer  than  before. 

.  Whsn  trees  and  houfes  are  let  on  fire  by 
the  dreadful  quantity,  which  a  cloud,  or  fome- 
times  the  earth  difcharges,  mufl  not  the  heat, 
£ty&  he,  by  which  the  wood  ie  firfl  kindled,  be 
generated  by  the  lightning's  violent  mo- 
tion tlurough  the  reliving  combuilible  mat- 
ter f     • 

"Ip  lightning,  by  its  rapid  motion,  pro- 
duced heat  in  itfelf  as  well  as  in  other  bodies 
(which'  Mr.  Kinnerfley  imagined  was  evident 
from  fome  experiments  made  with  electrical 
'thermometer^  mentioned  before)  he  thought 
that  its  fometimes  iingeing  the  hair  of  ani- 
mals killed  by  it  might  eafily  be  account  for; 
and  that  the  reafon  of  its  not  alv^ays  doing  fo 
,  might  be,  that  the  quantity,  though  fufficient 
to  kill  a  large  animal,  might  not  be  great 
enough 
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eb(High>  or  not  have  met  with  reiUUnce 
enough,  to  become  by  its  motion  burning- 
hot. 

We  find,  fays  be,  that  dwelling-houfes 
ftruck  with  lightning,  are  feldom  fet  on  fire 
by  it ;  but  that  when  it  palTes  through  barns, 
with  hay  or  firaw  in  them,  or  ftore-houfes 
containing,  large  quantities  of  hemp,  or  fuch 
like  matter,  they  feldom,  if  ever,  efcape  a 
conflagration.  This,  he  thought,  might  be 
owing  to  fuch  combuftibles  being  apt  to  kindle 
with  a  lefs  degree  of  heat  than  was  necelTary 
to  kindle  wood  *. 

All  that  was  done  by  the  French  and 
Englifli  eledricians,  with  refped  to  lightning 
and  ete^ricity,  fell  faV  fhort  of  what  war 
done  by  Signior  Beccaria  at  Turin.  His 
attention  to  the  various  fUtes  of  the  atmo-> 
fpfaere,  his  afliduity  in  making  experiments, 
his  apparatus  for  making  them,  the  extent  of 
his  views  in  making  them,  the  minute  exad- 
nefs  with  which  he  has  recorded  them,  and 
his  judgment  in  applying  them  to  a  general 
theory,  far  exceeded  every  thing  thuit  had 
been  done  by  philofophers  before  him,  or 
that  has  been  done  by  any  perfon  fince.  And 
though  I  fhall  give  confiderable  fcope  to  my 
account  of  his  experiments  and  obfervations, 
I  fhall  be  able  to  give  my  reader  but  a  fainj 
idea  of  the  extent,  variety,  and  value  of  his  la- 
bours in  this  great  field. 

•  Pkil.  TtiDf.  Vol.  liii.  f.  93,  kt. 
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He  made  ufe  both  of  kites  and  poiDted 
rods,  and  of  a  great  variety  of  both  at  the 
fame  time,  and  in  ditferent  places.  Some  of 
the  firings  of  his  kites  had  wires  in  them, 
and  others  had  hone.  Some  of  them  flew  to 
a  prodigious  height,  and  others  but  low; 
atul  he  had  a  great  number  of  afliftants,  to 
note  the  nature,  time,  and  degree  of  appear- 
ances, accprding  as  his  views  required. 

To  keep  his  kites  conftantly  infulated,  and 
at  the  fame  time  to  give  them  more  or  lefs 
ftring,  and  for  many  other  purpofes,  he  had 
the  firing  rolled  upon  a  reel,  which  was  fup- 
ported  by  pillars  of  glafs;  and  his  condu(3:or 
had  a  communication  with  the  axis  of  the 
reel  •.  * 

To  diftinguifli  the  pofitive  and  negative 
ftate  of  the  clduds,  when  thc.eledtricity  waa 
vigorops,  with  more  certainty,  and  with  more 
iafety  than  it  could  be  done  by  prefenting  an 
excited  flick  of  glafs,  or  fealing-wax  to 
threads  diverging  from  his  conductor ;  he  in- 
clofed  a  pointed  wire  and  a  flat  piece  of  lead 
oppofite  to  it  within  a  cylindrical  glafs  vefTel, 
wrapped  in  pafleboard,  fo  that  the  infide  could 
have  no  communication  with  the  external 
light.  Into  this  cover,  and  oppofite  to .  the 
point  of  the  wire,  he  inferted  a  very  long 
tnbe  of  pafleboard ;  through  which  he  could 
look  from  a  confiderable  diftance,  and  fee  the 
form  of  the  eledric  light  at  the  end  of  the 


*  Leitcrc  deir  elettiiciffflc,  p.  iis. 
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T^ire  I  which  is  the  fureil  indication  of  its  qu:t- 
-lity*  ' 

From  Signior  Beccaria's  extremely  exaA 
and  circumftantial  account  of  the  external  ap^ 
pearances  of  thunder  clouds,  which  he  pre- 
fixes to  his  obfervatjons  on  their  probable 
caufes,  I  fhall  draw  a  general  outline  of  the 
moft  remarkable  particulars^  in  the  ufual  prO- 
grefs  of  a  thunder  ftorm. 

The  firft  appearance  of  a  thunder  ftoroi  ' 
(which  generalfy  happens  when  there  is  little 
■  or  no  wind)  ■  is  one  denfe  cloud,  or  more,  in- 
creafing  very  faft  in  fize,  and  rifing  into  the 
higher  regions  of  the  air.  The  lower  '  fur- 
face  is  black,  and  nearly  level ;  but  the  upper 
finely  arched)  and  well  defined.  Many  of 
thefe  clouds  often  feem  piled  one  upon  an- 
other, all  arched  in  the  fame  manner ;  but 
they  keep  continually  uniting,  fwelUngi  a&d 
extending  their  arches. 

At  the  time  of  the  rifing  of  this  cloud,  the 
atmofphere  is  generally  full  of  a  great  num- 
ber cS"  feparate  clouds,  motionlefs,  and  of 
odd  and  whimfical  fiiapes.  All  thefe,  upon 
the  appearance  of  the  thunder  cloud,  draw  to- 
wards it,  and  become  more  uniform  in  their 
fliapes  as  they  approach ;  till,  coming  very 
near  the  thunder  cloud,  their  limbs  mutually 
firetch  towards  one  another;  they  immediate- 
ly coalefce,  and  together  make  one  unifotm 
mafs.  Thefe  he  calls  adfcitiiious  clouds,  from 
their  coming  in,  to  enlarge  the  fize  of  the 

*  Lettere  dell' elettricUmo,  p.  107. 
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thnoder  cloud.  &K,  ibmetime*  the  thundef 
cloud  vrill  fwelU  ^nd  incrcafe  very  faft  with' 
oat  the  coDJundion  of  any  adicititious  clouds* 
the  vapours  in  the  atmofphere  forming  thcm- 
Selves  into  clouds  whenever  it  pafles. '  Some 
of  the  adfcititious  clouds  appear  like  white 
fringes,  at  the  Ikirts  of  the  thunder  cloud,  or 
under  the  body  of  it*  but  they  keep  continual^ 
ly  growing  darker  and  darker,  as  they  ap- 
proach to  unite  with  it. 

When  the  thunder  cloud  is  grown  to  a 
great  ftze,  its  lower  furface  is  often  raggol, 
particular  parts  being  detached  towards  the 
earth,  but  ftill  coilneded  with  the  reft.  Some- 
times the  lower  fiirface  fwells  into  various  large 
Protuberances  bending  uniformly  towards  the 
earth.  And  fometlmes  one  whole  fide  of  the 
cloud  will  have  an  inclination  to  the  earth* 
and  the  extremity  of  it  will  nearly  touch  the  ' 
earth  ».  When  the  eye  is  under  the  thunder 
cloud,  after  it  is  grown  larger,  and  well  form- 
ed, it  is  feen  to  fink  lower,  and  to  darken 
prodigioufly ;  at  the  fame  time  that  a  number 
of  fmall  adfcititious  clouds  (theorigin  of  which 
can  never  be  perceived)  are  feen  in  a  rapid 
motion,  driving  about  in  very  uncertain  di- 
regions  under  it.  While  thefe  clouds  are 
agitated  with  the  mofl  rapid  motions,  the  rain 
generally  falls  in  the  greateff  plenty,  and  if 
the  agitation  be  exceedingly  great,  it  com-> 
inonly  hails  t< 


•  Lrmre  dell*  demicirmo,  p.  151, 
t  Ifcid,  p.  1J5. 
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Whilb  the  thunder  cloud  is  fwelHng,  and 
extending  its,  branches  over  a  large  traft  of 
country,  the  lightning  is  feen  to  dart  from 
one  part  of  it  to  another,  and  ofteft  to  illu- 
minate its  whole  mafs.  "When  the  cfoad  has 
acquired ,  a  fufficient  extent,  the  lightning 
ftrifces  between  the  cloud  and  the  earth:,  in 
two  oppofitc  places^  the  path  of  the  lightning 
lying  through  the  Whole  body  of  the  cloud 
and  its  branches.  The  longer  this  Hghttiing 
continues,  the  rarer  does  the  cloud  grow,  aftd 
the  lefs  dark  is  its  appearance ;  till,  at  length, 
it  breaks  in  different  places,  and  fliows  a  clear 
iky.  When  the  thunder  cloud  is  thus  dif> 
perfed,  thofe  parts  which  occupy  the  upper 
regions  of  the  atmofphcre  are  equally  fpread, 
•and  very  thin ;  and  thofe  that  are  underneath 
are  black,  but  thin  too :  and  they  vaniih  gra- 
dually, without  being  driven  away  by  atiy 
wind  *. 

Having  feen  what  this  philofopher  ob- 
ferved  abroad,  and  in  the  air,  let  us  fee  whit 
he  took  notice  of  at  his  apparatus  within 
doors.  This  never  failed  to  be  electrified  up- 
on every  approach  of  a  thunder  cloud,  or  any 
of  its  branches  j  and  tbe  ftream  of  fire  from  it 
was  generally  perpetual,  while  it  was  diccOXj 
over  the  apparatus  "f. 

That  thunder  clouds  were  fomctimes  in  a 
pofitive  as  well  as  negative  ftate  of  cledricity, 
Signior  Beccaria  had  difcovered,  before  he 
heard  of  its  having  been  obferved  by  Dr. 

•  Letiere  delt' cleElricilino,  p    146.176. 

t  Ibid,  f   167,  ,  ■ 
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Fnanklin,  or  any  other  perfon  *.     The  fame 

-  cloud,  in  paffing  over  his  obfervatory,  eledri^ 
fied  his  apparatus,  ibmetitnes  pofitively,  and 

.fometimes  negatively  f.    The  eleflricity  con- 

.tinued  longer  of  the  fame  kind,  in  proportion 

.  as  the  thunder  cloud  was  fimple,  and  uniform 
in  its  dire^on  j  but  when  the  lightning  chang- 
ed its  place,  there  commonly  happened  a 
change  in  the  eledriclty  of  his  apparatus.  'It 
would  change  fuddenly  after  a  very  violent 
flafli  of  lightning,  but  the  change  would  be 
gradual  when  the  lightning  was  moderate, 

.  and  the  progref^  of  the  thunder  cloud  flow. 

It  was  an  iminediate  inference  from  his 
obferTations  of  the  lightning  abroad,  and  his 
apparatus  within,  that  the  quantity  of  elec- 
tric matter,  in  an  ufuat  dorm  of  thunder,  is 
almoft  inconceivably  great,  coniidering  how 

.many  pointed  bodies,  as  trees,  fpires.  Sec.  are 
perpetually  drawing  it   off,  and  what  a  pro- 

,  digious  quantity  is  repeatedly  difcharged'  to, 
or  from  the  earth  %. 

After  this  fummary  view  of  appearancCB, 
I  £hall,  in  the  fame  fuccintft  manner  explain 
the  hypothefis  by  which  this  excellent  philo- 

.  fopher  accounts  for  thero,   and  fome  other 

.  .principal  and  well  known  phenomena  of  thua- 
"der  ftorms. 

Considering  the  vaft  quantity  of  ele^ric 
fire  that  appears  in  the  moll  fimple  thunder 
ftorms,  he  thinks  it  impoflible  that  any  cloud, 
Dr  number  of  clouds  fiiould  ever  contain  it 

'  Leiiere  dell' elletricirfflo,  p.  138.  t  Ibid.  P' i;s> 

t  Ibid.  p.  18a 
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all,  fo  as  either  to  difcharge  or  receive  it.  Be~ 
'  fides,  during  the  progrefs  and  increafe  of  the 
ftorm,  though  the  lightning  frequently  ftruck 
to  the  earth,  the  fame  clouds  were  the  next 
moment  ready  16  make  a  ftiU  greater  dif- 
chaJ-ge,  and  his  apparatus  continued  to  be  as 
much  affefted  as  ever.  The  clouds  muft, 
confequently,  have  received  at  one  place,  the 
moment  that  a  difcharge  was  made  from  them 
in  another*.  In  many  cafes,  the  electricity 
of  his  apparatus,  and  confequently  of  the 
clouds,  would  inftantly  change  from  one  kind 
to  another  feveral  times  ;  an  effetl:  which  can- 
not be  accounted  for  by  any  fimple  difcharge, 
or  recruit.  Both  mufl  have  taken  place  in  a 
very  quick  fucceflion  "f,  , 

The  extCHt  of  the  clouds  doth  not  leflen 
this  difficulty:  for,  be  it  ever  fo  great,  ftill 
the  quantity  ought  to  be  leflened  by  every  dif- 
charge :  and,  befides,  the  points,  by  which 
the  filent  difcharges  are  made,  ari  in  propor- 
tion to  the  extent  of  the  clouds  f .  Nor  is  the 
difficulty  leffened  by  fuppofing  that  frefh 
clouds  bring  recruits ;  for  befides  that  the 
clouds  are  not  ripe  for  the  principal  ftorm,  till 
all  the  clouds,  to  a  great  diftance,  have  adual- 
ly  coalefced,  and  formed  one  uniform  mafsy 
tiiofe  recruits  bear  no  fort  of  proportion  to  the 
difcharge,  and  whatever  it  was,  it  would  fooa 
be  exhauiled. 

The  fad,  therefore,  muft  be,  that  the 
cleric  matter  is  continually  darting  from  the 

*  Lcicere  deir  elcttricifmo.   p.  185.  iSS. 
,  t  Ibid.  R.  3K).  ,  t  Ibid.  p.  Taj. 
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clouds  in  one  place*  at  the  'fame  time  lliat  it 
is  difcharged  from  the  earth  in  another.  And 
it  is  a  fieceffary  confequence  from  the  whole. 
that  the  clouds  ferve  as  condudors  to  convey 
the  eleftric  fluid  from  thofe  places  of  the  earth 
which  are  overloaded  with  it>  to  thofe  which 
are  exhaufted  of  it  *. 

To  afcertain  this  fa<£l:  in  the  moft  complete 
manner,  he  propofes  that  two  obfervatories 
be  ..fixed,  about  two  leagues  afunder,  in  the 
ufual  path  of  the  thunder  clouds ;  and  that 
obfervations  be  made,  whether  the  apparatus 
be  not  often  pofitive  at  one  place,  when  it  is 
negative  at  the  other  -f-. 

That  great  quantities  of  eledlric  matter 
do  fometimes  rufli  out  of  particular  parts  of 
the  earth,  and  rife  through  the  air,  into  the 
higher  regions  of  the  atmofphere,  he  thinks 
is  evident  from  the  great  quantities  of  fand,  • 
aflies,  and  other  light  fubftances,  ^hich  have 
often  been  carried  up  into  the  air,  and  fcat- 
tered  uniformly  over  a  large  tradl  of  coun- 
try J.  No  other  known  efficient  caufe  of  this 
phenomenon  can  be  affigned,  except  the 
wind ;  and  it  has  been  obferved  when  there 
was  no  wind  flirring ;  and  the  light  bodies 
have  even  been  carried  againft  the  wind  §.  He 
fuppofes,  therefore,  that  thefe  light  bodies 
are  raifed  by  a  large  quantity  of  elcftric  matter 
ifluing  out  of  the  earth,  where  it  was  over- 
charged with  it,  and  (by  that  property  "of  ic 
which  he  had  demonftrated)  attniding,  and 

•  Letteredcireletuicifmo,  p.  193.  t  Ibid.  p.  194. 

I  Jbid.p.  199.  I  Ibid.  p.  215. 
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carrying  with  it  every  fubftance  that  could 
fsrve  as  a  conduftor  in  its  paflage.  All  thefe 
bodies,  being  poffefled  of  an  equal  quantity 
of  the  eleftric  fluid,  will^be  difperfed  equally 
in  the  air,  and  confequently  over  that  part 
of  the  earth  where  the  fluid  was  wanting,  and 
whither  they  ferve  to  convey  it  *.  Had  thefc 
bodies  been  raifed  by  the  wind,  they  would 
have  been  difperfed  at  random,  and  in  heaps. 

This  comparatively  rare  phenomenon' (but 
of  which  he  had  been  more  than  once  a  fpec- 
tator)  he  thinks  exhibits  both  a  perfect  image^  1 
and  a  demonftration,  of  the  manner  in,  which 
the  vapours  of  the  atmofphcre  are  raifed  to 
f(M-m  thunder  clouds.  The  fame  cledric  mat- 
ter, wherever  it  iflues,  attraSs  to  it,  and  car- 
ries up  into  the  higher  regions  of  the  air,  the 
■  watery  particles  that  are  difperfed  in  the  at- 
mofphcre. The  eledlric  matter  afcends  to  th« 
higher  regions  of  the  atmofphere,  being  foli- 
citcd  by  the  lefs  rcfiftance  it  fmds  there  than 
in  the  common  mafs  of  the  earth  j  which,  at, 
thofe  times,  is  generally  very  dry,  and  confe- 
qucntly  highly  cleifiric.  The  uniformity  witht 
which  thunder  clouds  fpreads  themfelves,  an4 
fWcU  into  arches,  mufl  be  owing  to  their  be- 
in(  affeded  by  fome .  caufe  which,  like  the 
ilefitric  matter,  difFufes  itfclf  uniformly  wherc- 
ever  it  afts,  and  to  the  refiftance  they  meet 
with  in  afcending  through  the  air  f.  As  a 
proof  of  this,  fleam,  riflng  from  an  ele^ifi- 
ed  eolipile,  diffufes  itfelf  widli  the  lame  uiu- 

*  Jucocrc  deli'  elcttricifmo,  p.  301.  f  l^'^-  P-  *°S' 
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formity,  and  In  fimilar  arches,  extending  it- 
felf  towards  any  conducing  fubftance  *. 

The  fame  caufe  which  firft  raifed  a  cloud, 
from  vapours  difperfed  in  the  atmofphere, 
draws  to  it  thofe  that  are  already  formed,  and 
continues  to  form  new  ones,  till  the  whole 
colleded  mafs  extends  fo  far  as  to  reach  a  part 
of  the  earth  where  there  is  a  deficiency  of  the 
elearlc  fluid  f.  Thither  toO,  will  thofe 
clouds,  replete  with  eleiSricity,  be  ftrongly 
attra£ted,  and  there  will  the  electric  matter 
difcharge  itfelf  upon  the  earth.  A  channel 
of  communication  being,  in  this  manner, 
found,  a  frefli  fuppty  of  eleftric  matter  will 
be  raifed  from  the  overloaded  part,  and  will 
continue  to  be  conveyed  by  the  medium  of 
the  clouds,  till  the  equilibrium  of  the  fluid 
between  the  two.  places  of  the  earth  be  refl:or- 
ed.  When  the  clouds  are  attraded  in  their 
paflage  by  thofe  parts  of  the  earth  where  there 
is  a  deficiency  of  the  fluid,  thofe  detached 
fragments  are  formed,  and  alfo  thofe  uniform 
depending  protuberances,  which  will  be  fliowa 
to  be,  in  fome  cafes,  the  caufe  of  water-fpouts 
and  hurricanes  :j;. 

That  the  eleftric  matter,  which  forms 
and  animates  the  thunder  clonds,  iflues  from 
places  far  below  the  furface  of  the  earth,  ahd»  , 
that  it  buries  itfelf  there,  is  probable  from  the, 
deep  holes  that  have,  in  many  places,  been 
made  by  lightning  §.  Flalhes  of  lightning 
have,  alfo,  been  feen  to  arife  from  fubterrane- 


•  L'ttere  dril'  eletukifmo,  p.  io6.  f  Ibid.  p.  : 

I  Hid.  p.  314.  i  Ibid.  p.  317. 
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0U8  cavities,  and  from  wells  *.  Violent  in- 
-  undations  have  accompanied  thunder  ftorms, 
not  occafioned  by  rain,  but  by  water  burfting 
from  the  bowels  of  the  earth,  from  which  it 
muft  have  been  diflodgcd  by  fome  internal 
concuffion.  Deep  wells  have  been  known  to 
fill  fafter  in  thunder  ftorms  -f ,  and  others  have 
conftantly  grown  turbid  at  the  approach  of 
thunder  |. 

This  very  rife,  as  well  as  the  whole  pro- 
grefs  of  thunder  clouds,  has  fometimes  been, 
in  a  manner,  vifible.  Exhalations  have  been 
frequently  feen  to  rife  from  particular  caverns, 
attended  with  a  rumbling  noife,  and  to  afcen4 
into  the  higher  regions  of  the  air,  with  all 
the  phenomena  of  thunder  florms  defcribed 
_  above,  according  to  the  defcription  of  perfons 
who  lived  long  before  the  connedlion  be- 
tween electricity  and  lightning  was  fuf- 
pe<3:ed  §. 

The  greateft  difficulty  attending  this  theory 
of  the  origin  of  thunder  ftorms  relates  to  the 
colle<3:ion,  and  infulation  of  eledric  matter 
within  the  body  of  the  earth.  With  refped 
to  the  former,  he  has  nothing  particular  to 
fay.  Some  operations  in  nature  are  certainly 
attended  ijfith  a  lofs  of  the  equilibrium  in  the 
electric  fluid,  but  no  perfon  has  yet  affigned  a 
more  probable  caufe  of  the  redundancy  of  the 
eledlric  matter  which,  in  fad,  often  abounds 
in  the  clouds,  than  what  we  may  fuppofe 

*  Lettere  ddi'  elettricifmo,  p.  22B.  f  Ibid.  p.  233. 

I  Ibid.  p.  360.  §  Ibid.  p.  131, 
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poffible  to  take  place  in  the  bowels  of  the 
cart!).  And  fuppofing  the  lofs  of  the  equili- 
brium pofTible,  the  fame  caufe  that  produced 
the  effect  would  prevent  the  reftoring  of  it ; 
fo  Jhat  not  being  able  to  force  a  way,  at  leaft 
one  fufficiently  ready,  through  the  body  of 
the  earth,  it  would  ilTue  at  the  moft  convenient 
vent  into  the  higher  regions  of  the  air,  as  the 
better  paflage.  His  electrical  apparatusi 
though  communicating  with  the  earth,  'has 
frequently,  in  violent  thunder  ftorms,  given 
evident  fparks  to  his  finger'. 

In  the  enumeration  of  the  effects  of  thuiK 
der  ftorms,  he  obferves  that  a  wind  always 
blows  from  the  place  from  which  the  thunder 
cloud  proceeds ;  that  this  is  agreeable  to  the 
obfervations  of  all  mariners,  and  that  the 
wind  is  more  or  lefs  violent  in  proportion  to 
the  fuddenefs  of  the  appearance  of  the  thun- 
der cloud,  the  rapidity  of  its  expanfion,  and 
the  velocity  with  which  the  adfcititious  clouds 
join  it.  The  fudden  condenfation  of  fuch  a 
prodigious  quantity  of  vapours  muft  difplace 
the  air,  and  repel  it  ori  all  fides -f-.    ' 

He,  in  fome  meafure,  imitated  even  this 
effed  of  thunder,  at  leaft  produced  a  circula- 
'tion  of  all  the  air  in  his  room,  by  the  continu- 
ed elcdrification  of  his  chain  j:. 

Among  other  effefts  of  lightning,  he  men- 
tions the  cafe  of  a  man  rendered  exceedingly 
ftiff,  prefently  after  he  was  ftruck  dead  in  a 
florm  of  thunder.     But  the  moft  remarkable 

"  Lf twre  MV  eletuioCmp,  p.  336.  f  Ibid.  p.  339,  340. 

J  Ibid.  p.  343. 
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circumftance,  in  this  cafe,  uras  the  lightning 
(chufing  the  beft  condudlor)  having  ftrucfc 
one  particular  vein,  near  his  neck,  and  fol- 
lowed it  through  its  minuteft  ramifications  ; 
fo  that  the  figure  of  it  appeared  through  the 
Ikin,  finer  than  any  pencil  could  have 
drawn  it  *. 

Hb  cautions  perfons  not  to  depend  upon 
the  neighbourhood  of  a  higher,  or,  in  all 
cafes,  a  better  condudor  than  their  own  body ; 
fince,  according  to  his  repeated  obfervations, 
the  lightning  by  no  means  defcends  in  one  . 
undivided  track ;  but  bodies  of  various  kinds 
condud  their  fhare  of  it,  at  the  fame  time,  in 
proportion  to  their  quantity  and  conducing 
power  f. 

A  GREAT  number  of  obfervations,  relat- 
ing to  the  defcent  of  lightning,  confirm  his 
theory  of  the  manner  of  its  afcent :  for,  in 
many  cafes,  it  throws  before  it  the  parts  of 
condufting  bodies.,  and  diflributes  them  along 
the  refifting  medium  through  which  it  muil 
force  its  paflagc  J. 

Upon  this  principle  it  is,  that  the  longeft 
flafhes  of  lightning  feem  to  be  made,  by  its 
forcing  into  its  way  part  of  the  vapours  in 
the  air  §.  One  of  the  principal  reafons  why 
thofe  flaihes  make  fo  long  a  rumbling,  is  their 
being  occafioned  by  the  vaft  length  of  a  va- 
cuum, made  by  the  paflage  of  the  .cleftric 
matter.    For  though  the  air  coUapfes  the  mo- 

*  Lettete  dell*  elettrkirmo,  p.  141.  f  Ibid.  p.  146. 

t  ibid.  p.  247.  i  Ibid.  p.  851. 
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ment  after  it  has  pafled,  and  the  vibration,  (on 

'       which  the  found  depends)  commences  at  the 

fame    moment,    through  the    whole    length 

of  the  track. ;   yet,  if  the  flafh  was  direded 

towards  the  perlbn  who  hears  the  report,  the 

vibrations  excited  at  the  nearer  end  of  the 

track  will  reach  his  ear   much  fobner  ^han 

thofe  excited  at  the  more  remote  end ;  and 

^  the  found  will,  without  any  repercuffion  or 

\^        echo,  continue  till  all  the  vibrations  have  fuc- 

\       ceffively  reached  him  *. 

I  MUST  introduce  in  this  place  a  very  curi- 
ous experiment  and  obfervation  of  Mr.  LulHn, 
concerning  the  produftion  of  eledlricity  in  the 
clouds-  He  piade  a  long  infulated  pole  pro- 
ject from  the  fide  of  one  of  the  Alps ;  and, 
on  the  29th  of  June  1766,  obferved,  that 
when  fmall  clouds  of  vapour,  raifed  by  the 
heat  of  the  fun,  rofe  near  the  foot  of  the 
mountain,  and  afcended' along  the  fide  df  it; 
if  they  touched  the  extremity  of  the  pole  only, ' 
it  was  eledlrified ;  but  if  the  whole  pole,  and 
confequently  part  of  the  hill  on  which  it  flood, 
vffas  lifcewife  involved,  it  was  not  eleflrified. 
From  this  he  concludes,  that  the  electricity 
of  the  clouds  is  produced  by  their  pafling 
through  the  air  while  the  fun  fliines  upon  , 
them.  But  to  which  of  thefe  two  circum-' 
ftances,  namely  the  motion  through'  the  air, 
or  the  action  of  the  fun's  rays,  this  was  ow- 
ing, he  could  not  determine,  though  he  made 
fcveral  experiments  for  that  purpofe  f. 

•  Letttre  dfll'elettricifmo,  p.  aj3. 
■f  DilTerucio  phyfica,  p.  42. 
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One  of  the  moft  remarkable  effefts  of  light- 
ning is  that  it  gives  polarity  to  the  magnetic 
needle,  and  to  all  bodies  that  have  any  thing 
of  iron  in  them,  as  bricks,  &c.  and  by  ob- 
ferving  which  way  the  poles  of  thefe  bodies 
'lye,  it  may  be  known,  with  the  utmoft  cer- 
tainty, in  .what  direction  the  ftroke  pafled*. 
In  one  cafe  S.  Beccaria  actually  afcertained  the 
direftion  of  the  lightning  In  this  manner  j". ' 

SiNCEafudden  ftrc^e  of  lightning  gives 
polarity  to  magnets,  he  conjedtures  that  a  re- 
gular and  conftant  circulation  of  the  whole 
mafs  of  the  fluid,  from  North  to  South,  may 
be  the  original  c^ufe  of  magnetifm  in  gene- 
ral %.  This  is  a  truly  great  thought ;  and,  if 
juft,  will  Introduce  greater  fimpHcity  into  our 
conceptions  of  the  laws  of  nature. 

That  this  etherial  current  is  infenfible  to 
us,  is  no  proof  of  its  non-exiftence,  fince  we 
ourfelves  are  involved  in  it.  He  had  feen  birds 
fly  fo  near  a  thunder  cloud,  as  he  was  fure 
they  would' not  have  done,  if  they  had  been 
afi^e^ed  by  its  atmofphere  §,, 

This  current  he  would  not  fuppofe  to  arlfe 
from  one  fource,  but  from  feveral,  in  the 
northern  hemifphere  of  the  earth.  The  aber- 
ration of  the  common  center  of  all  thefe  cur- 
rents from  the  North  point  may  be  the  caufe  of 
the  variation  of  the  needle,  the  period  of  this 
declination  of  the  center  of  the  currents  may 
be  the  period  of  the  variation,  and  the  obli- 
quity with  which  the  currents  ftrike  into  the 

*  Lcttere  dell' elettricifmo,  p- 162.  f  Ibid. p.  26}. 

t  Ibid.  p.  368.  i  Ibid. 
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earth  may  be  the  caufe  of  the  dipping  of  the 
needle,  and  alfo  why  bars  of  iron  more  eafily 
receive  the  magnetic  virtue  in  one  particular 
direftion  *. 

He  thinks  that  the  Aurora  Borealis  may  be 
this  eleSric  matter  performing  its  circulation, 
in  fuch  a  (late  of  the  atmofphere  as  renders  it 
vlfible,  or  approaching  nearer  to  the  earth 
than  ufual.  Accordingly  very  vivid  appear- 
ances of  this  kind  have  been  obferved  to  occa- 
fion  a  fluifluation  in  the  magnetic  needle  -j-.  . 

Stones  and  bricks  ftruck  by  lighning  are 
often  vitrified.  He  fuppofes  that  fome  ftones 
in  the  earthy  having  been  (truck  \ii  this  man- 
ner, firft  gave  occafion  to  the  vulgar  opinion 
of  the  thpnder  bolt  J. 

SiGNioR  Beccaria  was  very  fenfible  that 
heat  contributes  much  to  the  phenomena  of 
thunder,  lightning,  and  rain;  but  he  could 
not  find,  by  any  experiment,  that  it  tended 
.  to  promote  eiedtricity.  He,  therefore,  rather 
thought  that  heat  operated,  in  this  cafe,  by 
exhaling  the  moifture  of  the  air,  and  thereby 
cutting  off  the  communication  of  the  eledric 
fluid  between  one  place  and  another,  particu- 
larly between  the  earth  and  the  higher  re- 
gions of  the  air,  whereby  its  effeds  were 
more  vifible  §. 

Having  entertained  my  reader  with  the 
obfervaiions  of  this  great  Italian  genius,  I  muft 
once,  more  conduct  him  to  France,  where  he 
will   fee  feveral  experiments  well   worth  his 

■  LetKre  ddl'  eletuicilaia,  p.  t6tf.  t  Ibid.  p.  17a. 

J  ibid.  p.  163.  ^  Ibid.  p.  359. 
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notice.  In  this  country  we  have  fcen  that 
Dr.  Franklin's  theory  of  the  identity  of  elec- 
tricity and  the  matter  of  lightning  was  firft 
verified,  and  we  Ihall  now  fee  it  verified  in 
the  grandeft  and  moft  confpicuous  manner. 

The  greateft  quantity  of  eledricity  that  wag 
ever  brtought  fi;om  the  clouds,  by  any  appa- 
ratus prepared  for  that  purpofe,  was  by  Mr. 
De  Romas,  affeiTor  to  the  prefideal  of  Nerac. 
This  gentleman  was  the  firft  who  made  ufe  of 
a  wire  interwoven  in  the  bempoi  cord  of  an 
ele^tucal  kite,  which  he  made  feven  feet  and 
ft  half  high}  and  three  feet  wide,  fo  as  to  have 
.  eighteen  Iquare  feet  of  furface.  This  coi*d 
was  found  to  conduft  the  electricity  of  the 
clouds  more  powerfully  -than  a  hempen  cord 
■  would  do,  even  though  it  was  wetted ;  and, 
being  terminated  by  a  cord  of  dry  fdk  it 
enabled  the  obferver  (by  a  proper  manage- 
ment of  his  apparatus)  to  make  whatever  ex- 
periments he  thought  proper,  \rithout  danger 
to  himfelf. 

B^  the  help  of  this  kite,  on  the  y^h  of 
June  175^,  about  one  in  the  afternoon,  when 
itwas  railed  550  feet  from  the  ground,  and 
had  taken  780  feet  of  ftring,  making  an  angle 
of  near  forty-five  degrees  with  the  horizon ; 
he  drew  fparlcs  from  his  conductor  three  inches 
long  and  a  quarter  of  an  inch  thick,  the  fnap- 
ping  of  which  was  heard  about  200  paces, 
Whilft  he  was  taking  thefe  fparks,  he  felt,  as 
it  were,  a  cobweb  on  his  face,  though  he  was 
above  three  feet  from  the  ftring  of  the  kite; 
after  which  h^-did  not  think  it  fafe  to  fbnd 

ik 
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fo  near,  and  called  aloud  to  all  the  company 
to  retire,  as  he  did  himfelf  about  two  feet. 
Thinking   himfelf  now   fecure    enough, 

.and  not  being  incommoded  by  any  body  very 
near  him,  he  tocjc  notice  of  what,  paffed  Among 
the  clpuds  which  were  immediately  over  the 
kite  ;  but  could  perceive  no  lightning  cither 

.  there  or  any  where  elfe,  nor  fcarce  the  Icaft 
noife  of  thunder,  and  there  was  no  rain  at  all. 
The  wind  was  Weft,  and  pretty  ftrong,  which 
railed  the  kite  too  feet  higher,  at  leaft,  than 
in  the  other  experiments. 

Afterwards,  carting  his  eyes  on  the  tin 

,  tube,  which  was  faftened  to  the  ftring  of  the 
.kite,  and  about  three  feet  from  the  ground, 

.  he  faw  three  ftraws,  one  of  which  was  about 
one  foot,  long,  a  fecond  four  or  five  inches, 
and  the  third  three  or  four  inches,  all  ftand- 
ing  eredt,  and  performing  a  circular  dance, 
like  puppets,  under  the  tin  tube,  without 
touching  one  another. 

This  little  fpedlaclc,  which  much  delight- 
ed ftveral  of  the  company,  lafted  about  ,a 
quarter  of  an  hour;  after  which,  fome  drops 
ot"  rain  falling,  he  again  perceived  the  fenfa- 
lion  of  the  cobweb  on  his  face,  and  at  the^ 
fame  time  heard  a  continual  ruftling  noife, 
like  that  of  a  fmall  forge  bellows.  This  was 
a  farther  warning  of  the  increafe  of  ele£trici- 

,  ty ;  and  from  the  firft  inftant  that  Mr.  De 

Romas    perceived    the    dancing    ftraws,    he 

thought   it  not  advifeable  to  take  any  more 

fparks  even  with  all  his  precautions ;  and  he 

again 
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again  intreated  the  company  to  fpread  them- 
felv^s  to  a  ftill  greater  diftance. 

Immediately  after  this  came  on  the  laft 
aft  of  the  entertainment,  which  Mr.  De  Ro- 
mas acknowledged  made  him  tremble.  The 
longeft  ftraw  was  attrafted  by  the  tin  tube, 
upon  which  followed  three  explofions,  the 
noife  of  which  greatly  refembled  that  of  thun- 
der. Some  of  the  company  compared  it  to 
the  explofioa  of  rockets,  and  others  to  the 
violent  crafhlng  of  large  earthen  jars  againft  a 
pavement.  It  is  certain  that  it  was  heai'd  into 
the  heart  of  the  city,  notwithftanding  the  va- 
rious noifes  there. 

The  fire  that  was  feen  at  the  inftant  of  the 
explofioii  had  the  Ihape  of  a  fpindte  eight 
inches  long  and  five  lines  in  diameter.  But 
the  moft  aftonifliing  and  diverting  circum- 
ftance  was  produced  by  the  ftraw,  which  had 
occafioned  the  explofion,  following  the  firing 
of  the  kite.  Some  of  the  company  faw  it  at 
forty-five  or  fifty  fathoms  diftance,  attraded 
and  repelled  alternately,  with  this  remarkable 
circumftance,  that  every  time  it  was  attrafted 
by  the  ftring,  flafties  of  fire  were  feen,  and 
cracks  were  heard,  though  not  {o  loud  as  at 
the  time  of  the  former  explofion. 

It  is  remarkable,  that,  from  the  time  of 
the  explofion  td  the  end  of  the  experiments, 
no  lightning  at  all  was  feen,  nor  fcarce  any 
thunder  heard.  A  rniell  of  fulphur  was  per- 
ceived, much  like  that  of  the  luminous  elec- 
tric effluvia  ifluing  out  of  the  end  of  an  elec- 
trified bar  of  metal.  Round  the  ftring  ap- 
peared 


414  EXPERIMENTS  or  THE  FRENCH 
peared  a  luminous  cylindei^  of  tight,  three  or 
four  inches  in  diameter ;  and  this  being  in  the 
day-time  Mr.  De  Romas  did  not  queftion  but 
that,  if  it  had  been  in  the  night,  that  eledric 
atmofphere  would  have  appeared  to  be  four 
or  five  fedt  in  diameter.  Laffly,  after  the 
experiments  were  over,  a  hole  was  difcovcrcd 
in  the  ground,  perpendicularly  under  the  tin 
tube,  an  inch  deep,  and  half  an  inch  wide, 
which  was  probably  made  by  the  large  flalhes  , 
that  accompanied  the  explofions. 

An  end  was  put  to  thefe  remarkable  experi- 
ments by  the  filing  of  the  kite,  the  wind  be- 
ing shifted  into  the  Eaft,  and  rain  mixed  with 
hail  eoming  on  in  great  plenty.  Whilft  the 
kite  was  falling,  the  ilring  came  foul  of  a 
penthoufe ;  and  it  was  no  fooner  difengaged, 
than  the  perfon  who  held  it  felt  fuch  a  ftroke 
in  his  hands,  and  fuch  a  commo'tion  through 
his  whole  body,  as  obliged  him  ioftaritly  to 
let  it  go';  and  the  firing,  falling  on  the  feet 
of  fome  other  perfons,  gave  them  a  {hock  alfo, 
though  much  mqre  tolerable  •. 

The  quantity  of  elc^ric  matter  brought  by 
tliia  kite  from  the  clouds  at  another  time  a 
really  aftonifhing.  On  the  26th  of  Aug'uft 
1756,  the  ftrcams  of  fire  ifluing  from  it  were 
obferved  to  be  an  inch  thick,  and  ten  feet 
long.  This  amazing  flafh  of  lightning,  the 
eSeCt  of  which  on  buildings  or  animal  bodies* 
would  perhaps  have  been  equally  deftrudiTC 
with  any  that  are  mentioned  in  hiftory,  wa» 

*  G«Dt.  Magaz.  fot  Au*i)A  i7s6>  p-  378.  ■ 
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fafcly  conduced  by  the  cord  of  the  kite  to  a 
non-eledric  body  placed  near  it,  and  the  report 
was  equal  to  that  of  a  piftol. 

Mr.  Romas  had  the  curiofity  to  place  a 
pigeon  in  a  cage  of  glafs,  in  a  little  edifice, 
which  he  had  purpofely  placed,  fo  as  that  it 
fliould  be  demolifhed  by  the  lightning  brought 
down  by  his  kite.  The  edifice  was,  accord- 
ingly* fliattered  to  pieces,  but  the  cage  and 
the  pigeon  were  not  ftruck  •. 

The  Abb^  Nollet,  who  gives  this  ac- 
count)  adds,  that  if  a  firoke  of  this  kind  had 
gone  through  the  body  of  Mr.  De  Romas,  the 
unfortunate  profelTor  Richman  had  not  pro- 
bably been  the  only  martyr  to  cle^ricity,  and 
adviies,  that  great  caution  be  ufed  in  coo- 
during  fuch  dangerous  experiments  "f. 

When  we  confider  how  many  fevere 
Ihocks  the  mofi  cautious  and  judicious  elec- 
tricians often  receive  through  inadvertence, 
we  (hall  not  be  furprii'ed,  that  when  philo- 
fophers  firft  began  to  colledl  and  make  experi- 
ments upon  real  lightning,  it  fiiould  fome- 
times  have  proved  a  little  untradtable  in  their 
hands,  and  that  they  were  obliged  to  give 
one  another  frequent  cautions  how  to  proceed 
with  it. 

The  Abbe  Nojlet,  as  early  as  the  year 
1752,  advifes  that  thefe  experiments  be  made 
with  circumfpeGion;  as  he  had  been  inform- 
ed, by  letters  from  Florence  and  Bologna, 
that  thofe  who  had  mad^them  there  had  had 

•  Nollei-'i  Letter*,  Vol.-ii,  p.  139. 
f  Pbil.  T/aaf.  Vol.  lU.  pt.  i.  p.  341. 
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their  curiofity  more  than  fatisfied  hy  the  vio- 
lent fhocks  they  had  fuflained  in  drawing 
,  fparfcs  from  an  iron  b^r  eletSrified  by  thunder. 
One  of  his  correfpondents  informed  him,  that 
once,  as  he  was  endeavouring  to  faften  a  fmall 
chain,  with  a  copper  ball  at  one  of  it8  extre- 
mities, to  a  great  charn,  which  communicat- 
ed with  the  bar  at  the  top  of  the  building  [in 
order  to  draw  off  the  eledlric  fparks  by  means 
of  the  ofcillations  of  this  ball)  there  came  a 
flafe  of  lightning,  yhich  he  did  not  fee,  but 
which  ad^e^ted  the  chain  with  a  noife  like  that 
of  wild  fire.  At  that  inftant,  the  eleftricity 
communicated  itfelf  to  the  chain  of  the  copper 
bali,  and  gave  the  obferver  fo  violent  a  com- 
motion, that  the  ball  fell  out  of  his  bands,  and 
he  was  Aruck  backwards  four  or  five  paces. 
He  had  never  been  fo  much  fhocked  by  the 
experiment  of  Leyden  *. 

Mk.  Romas  received  a  fevere  ftroke  when 
he  hrll  raifed  his  kite  :  and  Mr.  Dalibard 
iays,  that  Mr.  Monnier,  a  phyfician  of  St. 
Germain  en  Laye,  member  of  the  Academy 
of  Sciences  at  Paris,  and  Mr.  Bertier  of  the 
Oratory  at  Montmorency,  a  correfpondenl  of 
the  Academy,  were  both  ftruck  down  by 
ftrokcs  of  lightning,  as  they  were  taking  fparks 
from  thejr  apparatus  f* 

But  the  greateft  fufferer  by  experiments 
with  lightning,  fmce  mankind  have  intro- 
duced fo  dangerous  a  fubje^  of  their  inqui- 
ries, was  profcflbr  Richman  of  Peterlburgh 

•  Phil.  Tranf.  Vol.  xlviii.  pt.  i.  p.  jof. 
f  Dalibard'a  FcaDkiin,  Vol.  ii.  p.  1 2(]> 

before  , 


&N    ilGkTNING.        417 

before  mentioned.  He  was  ftruck  dead,  oa 
the  6th  of  Augufl:  1753.  by  a  flafli  of  light- 
ning drawn  by  his  apparatus  into  his  own 
t-oom,  as  he  was  attending  to  an  experiment 
he  was  making  with  it.  There  were  two  ac- 
counts of  this  fatal  accident  communicated  to 
the  Royal  Society,  one  by  Dr.  Watfon  whq 
had  it  from  the  heft  authority  • ;  and  the 
other  tranflated  from  the  High  Dutch  f. 
From  both  thefe  the  following  is  extrafled. 

The  profeffor  had  provided  himfelf  with 
an  inflrumenc  which  he  called  an  eleSlricai 
gnomon.,  the  ufe  of  which  was  to  meafure  the 
ftrength  of  eledlricity.  It  confifted '  of  a  rod 
of  metal  terminating  in  a  fmall  glafs  veiTel, 
into  which  (for  what  reafon  I  do  not  know) 
.  he  put  fome  brafs  filings.  At  the  top  of  this 
rod,  a  thread  was  faftened,  which  hung  down 
by  the  fide  of  the  rod  when  if  was  not  elec* 
trifled  ;  but  when  it  was,  it  avoided  the  rod, 
and  flood  at  a  diftance  from  it,  making  aa 
angle  at  the  place  where  it  was  faftened.  To 
meafure  this  angle,  he  had  the  arch  of  a  qua- 
drant faftened  to  the  bottom  of  the  iroQ 
Tod.  * 

He  was  obferving  the  efFeft  of  the  ele^U 
tity  of  the  clouds,  at  the  approach  of  a  thua-* 
der  ftorm»  upon  this  gnomon  j  and,  of  courfe, 
itanding  with  bis  head  inclined  towards  it, 
accompanied  by  Mr.  Solokow  (an  engraver, 
whom  he  frequently  took  with  him,  to  be  a 


•  Phil.  Trior.  Vol.  xlTiii.  pt.  ii.  p.  jSj. 
t  Ibid.  Vol.  xlix.  pr.  i.  p.  61. 


joint 


4i8        The   HISTORY   of 

joipt  obfcrver  of  his  elei9:rkal  experiments,  id 
order  to  reprefent  them  the  better  in  cuts) 
■when  this  gentleman,  who  was  ilanding  ctofe 
to  his  elbow,  obferved  a  globe  of  blue  fire,  as 
he  called  it,  as  big  as  his  611,  jump  from  the 
rod  of  the  gnomon  towards  the  head  of  the 
profefTor,  which  was,  at  that  inHant,  at  about 
a  foot  diftance  from  the  r^d.  This  flafh  kill- 
ed Mr.  Richman,  but  Mr.  Solokow  could  giye 
no  account  of  the  particular  manner  in  which 
he  was  immediately  affected  by  it :  for,  at 
the  fame  tinie  that  the  profeiTor  wasllruck, 
there  aroie  a  fort  of  ileam,  or  vapour,  which 
intirely  benumbed  him,  and  made  him  fink 
down  upon  the  ground;  fo  that  he  could  not 
remember  even  to  have  heard  the  clap  of  thun- 
der, which  was  very  loud. 

TiiE  globe  of  fire  was  attended  with  a  re- 
port as  loud  as  that  of  a  piftpl :  a  wire,  which 
brought  the  eleflricity  to  bi«  metal  rod,  was 
broken  to  pieces,  and  its  fragments  throwi» 
wpon  Mr.  Solokow's  cloaths.  Half  of  the 
glafs  vefiel  in  which  the  rod  of  the  gnomon 
ftood  was  broken  off,  and  die  filings  <rf 
metal  that  were  in  it  were  thrown  about  tbt 
room. 

Upon  examining  the  effefls  of  the  light- 
ning in  the  .profeflbr's  chamber,  they  fouod 
the.  door-cafe  half  fplit  through,  and  the  door 
torn  off,  and  thrown  into  the  room  *.  They 
opened  a  vein  of  the  breathlefs  body  twice,  but 
no  blood  followed,  and  endeavoured  to  re- 
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cover  fenfation  by  violent  chafing,  but  in 
vain.  Upon  turning  the  corpfe  with  the  face 
downwards,  during  the  rubbing,  an  incon- 
fiderable  quantity  of  blood  ran  out  of  the 
mouth.  There  appeared  a  red  fpot  on  the 
forehead,  from  which  fpirted  fome  drops  of 
blood  through  the  pores,  without  wounding 
the  ffcin.  The  flioe  belonging  to  the  left  foot 
was  burfl:  open,  and,  uncovering  the  foot  at 
that  place,  they  found  a  blue  mark ;  from 
which  it  was  concluded,  that  the  eledrical  force 

*of  the  thunder,  having  entered  the  head,  made 
its  way  out  again  at  that  foot. 

Upon  the  body,  particularly  on  the  left 
fide,  were  feveral  red  and  blue  fpots,  refem- 

,  bltng  leather  ftirunk  by  being  burnt.  Many 
more  blue  fpots  were  afterwards  vifible  over  , 
the  whole  body,  and  in  particular  over  the 
back.  That  upon  the  forehead  changed  to  a 
browniih  red,  but  the  hair  of  the  head  was 
not  fmged,  notwithftanding  the  fpot  touched 
fome  of  it.  In  the  place  where  the  Ihoe  was 
unripped,  the  flocking  was  intire ;  as  was  the 
coat  every  where,  the  waiftcoat  only  being 
finged  on  the  foreflap,  where  it  joined  the 
hinder;  but  there  appeared  on  the  back  of 
Mr.  Solokow's  coat  long  narrow  Itreaks, 
as  if  red  hot  wires  had  burned  off  the 
nap,  and  which  could  not  be  well  accounted 
for. 

When  the  body  was  opened  the  next  day, 

twanty-four  hours  after  he  was   ftruck,  the 

cranium  was  very  intire,  having  no  fiiTure, 
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nor  crofs  opening  ;  the  brain  as  ibund  as 
it  poffibly  cQuld  be,  but  the  traufparent 
pellicles  of  the  windpipe  were  exceffively 
tender,  gave  way,  and  eafily  rent.  There 
was  fome  extravafated  blood  in  it,  as  like- 
wife  in  the  cavities  below  the  lungs  j  thofe 
of  the  brcaft  being  quite  found,  but  thofe 
towards  the  bAck  of  a  browniih  black  co- 
lour, and  filled  with  more  of  the  above 
mentioned  blood  :  ■  otherwife,  none  of  the 
entrails  were  touched  ;  but  the  throat,  the 
glandsi  and  the  thin  inteftines  were  all  in- 
flamed. The  finged  leather-coloured  fpots 
penetrated  the  {kin  only,  '  Twice  twenty- 
four  hours  being  elapfed,  the  body  was  fo  far 
corrupted  that  it  was  with  difficulty  they  got 
it  into  a  coiHn  *. 

*  Phil.  Tnaf.  Vol.  xlU.  pL  t.  p.  67. 
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Observations  on  the  generai.  state  of 
electricity  in  the  atmosphere,  and 
its  more  usual  effects. 

ELECTRiaANS,  after  obferving  the 
great  quantity  of  eleftrlc  matter  with 
which  the  clouds  are  charged  during  a  thun- 
der ftorm,  began  to  attend  to  the  leffer  quanti- 
ties of  it  which  might  be  contained  in  the 
coiftmon  ftate  of  the  atmofphere,  and  the 
more  ufual  effeds  of  this  great  and  general 
agent  in  nature.  ft4r.  Monnier,  whofe  ob- 
fervations  of  the  eledlricity  of  the  air  during  a 
thunder  ftorm  have  been  already  mentioned, 
was  the  firft  who  found  that  there  was  very 
often,  and  perhaps  always,  a  quantity  of  elec- 
tric matter  in  .  the  atmofphere,  when  there 
was  no  appearance  of  thunder.  This  he  con- 
firmed by  decifive  experiments,  made  at  St. 
Germain  en  Laye,  and  publilhed  in  a  memoir 
read  at  the  Royal  Academy  of  Sciences  at  Paris 
November  the  15th,  ij^z*. 

But  more  accurate  experiments  upon  the 
eledricity  of  the  air  were  made  by  the  Abb6 
Mazeas,  at  Chateau  de  Maintenon,  during 
the  months  of  June,  July,  and  Oftober  1753, 
and  communicated  to  the  Royal  Society,  in  a 
letter  to  Dr.  Stephen  Hales. 

"  Phil.  Trajif.  Vol.  ilviii.  pt.  i.  p.  20J. 
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The  Abbe's  apparatus  confifted  of  an  iron 
rod  370  feet  long,  raifed  .ninety  feet  above 
the  horizon.  It  came  down  from  a  very  high 
room  in  the  caftle,  where  it  was  faftened  to  a 
filfcen  cord  fix  feet  long;  and  it  wa.a. carried 
from  thence  to  the  fteeple  of  the  town,  where 
it  was  likewife  faftened  to  another  filken  cord 
of  eight  feet  long,  and  fheltered  from  rain. 
And  a  large  key  was  fufpended,  by  the  end 
■of  this  wire,  in  order  to  receive  the  eledric 
fluid. 

On  the  17th  of  June,  when  he  began  his 
experiments,  .the  ele<£tricity  of  the  air  was  fen- 
iibly  felt  every  day,  from  fun  rife  till  feveh  or 
eight  in  the  evening;  esicept  in  moiil  weather, 
when  he  could  perceive  no  figns  of  elei3ncity. 
In  dry  weather,  the  wire  attracted  minute  ■ 
bodies  at  no  greater  diftance  than  three  or 
four  lines.  He  repeated  the  experiment  care- 
fully everyday,  and  conftantly  obferved,  that, 
in  weather  void  of  ftorms,  the  eledricity  of  a 
piece  of  fealing-wax  of  two  inches  long  was 
above  twice  as  ftrong  as  that  of  the  air.  This 
obfcrvation  inclined  him  to  conclude,  that  in 
weather  of  equal  drinefs  the  eleftricity  of  the 
air  was  always  equal. 

It  did  not  appear  to  hiin  that  hurricanes 
and  tempefts  in'creafed  the  elefiricity  of  the 
air,  when  they  were  not  accompanied  with 
thunder;  for  that,  during  three  days  of  .a 
very  violent  continual  wind,  in  the  month  of 
July,  he  was  obliged  to  put  fome  duft  within 
four  or  five  lines  of  the  conductor,  before  any 
fenfible  attraction  could  be  perceived.    , 

The 
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The  diretfHan  of  the  winds,  whether  Eaft, 
Weftj  North,  or  South,  made  no  fenfible  al- 
teration in  tl^e  eleftricity  of  the  air,  except 
when  they  were  moift. 

In  the  drieft  nights  of  that  fpmmer,  he  could 
^ifcpver  no  figns  of  eleftricity  ^n  the  air;  but 
it  returned  in  the  morning  when  the  fun  began 
%o  appear  above  the  horizon,  and  vaniflied 
again  in  the  evening,  about  half  an  hour  after 
fun-fct. 

The  ftroageft  common  eleftricity  of  the  atr' 
mofphere,  during  that  fummer,  was  perceived 
in  the  month  of  July,  on  a  very  dry  day,  the 
heavens  being  very  clear,  and  the  fun  ex- 
tremely hot.  The  dirfance  of  ten  or  twelve 
lines  was  then  fufficient  for  the  approach  of 
the  dull  to  the  condudor,  in  order  p  fee  the 
particles  rife  in  'a  vertical  direi^ion,  like  the 
filings  of  iron  on  the  approach  of  a  magnet. 

On.  the  a/th  of  June,  at  two  in  the  afterr 
noon,  he  perceived  fome  ftormy  clouds  rifing 
above  the  horizon,  and  immediately  went  up 
to  his  apparatus;  and,  having  applied  the 
dull  to  the  key,  it  was  attraded  with  a  force 
which  increafed  in  proportion  as  the  clouds 
reached  the  zenith.  When  they  had  come 
nearly  over  the  wire,  the  duft  was  fo  impetu- 
oufly  repelled,  as  to  be  entirely  fcattercd  from 
the  paper.  He  drew  confiderable  fparks  from 
it,  though  there  was  neither  thunder  nor 
lightning.  When  the  ftormy  clouds  were  in 
the  zenith  of  his.  wire,  he  obferved  that  the 
eledricity  was  iflcreafed  to  fuch  a  degree,  that 
E  e  4  ^ca 
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enen  the  filken  thread  attrafted  light  bodies  at 
the  diftance  of  feven  or  eight  inches. 

These  jlormy  clouds  remained  about  twci 
hours  above  the  horizon,  without  either  thunr 
der  or  lightning ;  nor  did  a  very  heavy  rain 
dimipiih  the  eledricity,  except  about  the 
end,  when  the  clouds  began  to  be  difBr 
pated  *. 

Mr.  Kinnersley  obferved,  that  when  the 
air  was  in  its  drieft  ftate,  there  was  always  a 
Confiderable  quantity  of  eledricity  in  it,  and 
which  might  be  eafily  drawn  from  it.  Let  a 
perfon,  he  fays,  in  a  negative  ftate,  ftandiog 
out  of  doors,  in  the  dark,  when  the  air  is  dry, 
hold,  with  his  arm  extended,  a  long  {harp 
■needle,  pointing  upwards,  and  he  will  foon 
be  convinced  that  elediricity  may  be  drawn  out 
of  the  air  j  not  indeed  very  plentifully,  *or, 
being  a  bad  condudor,  it  feems  loth  to  part 
with  It,  yet  fpme  will  evidently  be  collefted. 
The  air  near  the  perfon's  body,  having  lefe 
than  the  natural  quantity,  will  have  none  to 
fpare;  but  his  arm  being  extended,  as  above, 
fome  will  be  colleaed  from  the  remoter  air, 
and  will  appear  luminous  as  it  converges  tothe 
point  of  the  needle. 

Lbt  a  perfon  eleQrified  negatively,  he  lays, 
prefent  the  point  of  a  needle  horizontally,  to 
a  cork  ball  fufpended  by  filfc,  and  the  ball 
vwill  be  attracted  towards  the  point,  till  it  has 
parted  with  fo  much  of  its  natural  quantity  ot 
clciftricity,  as  to  be  in  a  negative  ftate,  in  the 
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fame  degree  with  the  perfon  who  holds  tha 
needle;  than  it  will  recede  from  the  point* 
being,  as  he  Juppofcs,  attra^d  the  contrary 
way  by  the  eleiJiricity  of  greater  denfity  in  the 
air  behind  it.  But  as  this  opinion,  he  pleaT 
faijtly  fays,  feems  to  deviate  from  eleSlrical 
orthodoxy^  he  would  be  glad  to  fee  thefe  phe- 
nomena better  accounted  for  by  the  fuperior, 
and  more  penetrating  genius  of  his  friend  Dr. 
Franklin,  to  whom  he  is  writing. 

Whether  the  eleftricity  in  the  air,  in  clear 
dfy  weather,  be  of  the  fame  denfity  at  the 
height  of  200  or  300  yards,  as  near  the  fur- 
face  of  the  earth,  he  thought  might  be  fatif- 
faftbrily  determined  by  Dr.  Franklin's  old  cxi- 
perimest  of  the  kite. 

The  twine,  he  fays,  fhould  have  througV 
out  a  very  fmall  wire  in  it,  and  the  ends  of 
the  wire,  where  the  feveral  lengths  are  unit- 
ed, ought  to  be  tied  down  with  a  waxed 
thread,  to  prevent  their  a£ting  in  the  tnan- 
ner  of  points. 

When  he  wrote  this  letter,  he  had  tr  ed 
the  experiment  twice,  when  the  air  was  as 
dry  as  it  ever  is  in  that  country,  and  fo  clear, 
that  not  a  cloud  had  been  feen,  and  found  the 
twine  each  time  in  a  fmall  degree  eleftrihed 
pofitively  *. 

The  preceding  obfervatlons  of  Mr.  Mon- 

nier,  Mr.  Mazeas,  and  Mr.  KinnerQey,  fall 

far  fliprt  cif  the  extent  and  accuracy  of  thofe 

■  of  Signior  Beccariaj  whofe  obfervations  oa 
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.the  general  ftate  of  eltCtricity  in  the'atmo^ 
fphere  I  have  referved  for  the  laft  place  of  the 
fedion,  becaufe  they  are  the  moft  confideraWc  ■ 
though  they  were  all  made  independent  of, 
and,  many  of  them,  prior  to  thofe  meattonei} 
before. 

He  obferved  that,  during  very  high  winds, 
his  apparatus  gave  no  figns  of  being  ele^rifi- 
cd  *.  Indeed  he  found  that  in  threediffsrent 
ftates  of  th?  atmofphere,  he  could  find  no 
TElefl:ricity  in  the  aijr.  j .  In  windy  and  plear 
■weather.  2.  When  the  flcy  was  covered  with 
diAim^  and-'black  clouds,  that  had  a  flow  ino- 
■tion.  3'.  In  moift  weather,  not  a^hially  rain- 
ing f-  In  a  clear  Iky,  when  the  weather  was 
calm,  he  always  perceived  figns  of  a  moderate 
eleitricity,  but  interrupted.  In  rainy  weather, 
■without  lightning,'  his  apparatus  was  always 
■ele£lrified  a  little  time  before  the  rain  fell, 
and  during  the  time  of  the  rain,  but  it  ceat- 
ed  to  be  afFe£ted  a  little  before  the  rain  was 
over. 

The  higher  his  rods  reached,  or  his  kite* 
■flew,  the  ftronger  figng  they  gave  of  their  be- 
ing electrified  %.  Alfo  longer  firings  or  cords, 
extended  and  infulated  in  the  open  air,  ac" 
*cjuired  eledlricity  fooner  than  thofe  which" 
were  fliotter.  A  cord  1 500  Paris  feet  long, 
ftretched  over  the  river  Po,  was  as  ftrongly 
eledrified  during  a  ihower,  without  thun- 
der, as  a  metallic  rod,   to  bring  lightning 


*  Leitere  d^r  elettrialino,  p.   106. 
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into  his  houfe,  had  been  in  any  thunder 
ftorm  *. 

Having  two  rods  for  bringing  the  lightT 
ning  into  his  houfe,  140  feet  afunder,  he  ob- 
ferved,  that  if  he  took  a  fpark  from  the  higher 
of  them,  the  fpark  from  the  other,  which  wa» 
thirty  feet  lowers  was  at  that  inftant  leflened  j 
but,  what  is  remarkable,  is  that  its  power  re- 
vived again,  though  he  kept  his  hand  upon 
the  former  f*  •  , 

He  imagined  that  the  eleflricity  communi- 
cated to  the  ^r  might  Ibmetimes  furnifh  fmall 
fparks  to  his  apparatus  ;  fince  the  air  parU 
with  the  ele£tricity  it  has  received  very  flow- 
ly,  and  therefore  the  equilibrium  of  the  elec- 
tric matter  in  the  air  will  not  be  reftored  fo 
foon  as  in  the  earth  and  clouds  IJT.    ' 

Among  the  efFedis  of  a  moderate  ele^icity 
in  the  atmofphere,  Signior  Beccaria  reckons 
rain^  hail,  a-ndj/iow.  '  ■   ' 

Clouds  that  bring  rain,  he  thought,  were 
produced  in  the  fame  manner  .as  thunder 
clouds,  only  by  a  more  moderate  eledricity. 
He  defcrlbes  them  at  large,  "and  the  refeav- 
blance  which  all  their  phenomena  bear  to 
thofe  of  thunder  clouds  is  indeed  very  ftrik- 

ing  §.  •   ■ 

He   notes  feveral  circumftances  attending 

•    rain  without  lightning,  which  make  it  very 

probable,  that  it  is  produced  by  the  fame  caufe 

as  when  it  is   accompanied  with  lightning. 

Light  has  been  feen  among  the  clouds  by 

*  LttKre  dell'  elettiicirmo,  p.  i6c.  f  Ibid.  p.  175. 
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nigitt  in  rainy  weather ;  and  even  by  day 
rainy  clouds  are  fometimes  feen  to  have  a 
brightnefs  evidently  independent  of  the  fun  *. 
The  uniformity  with  -which  the  clouds  arc 
fpread,  and  with  which  the  rain  falls,  he 
thought  were  evidences  of  an  uniform  caufe. 
like  that  of  eleSricityf.  The  inleufity  of 
tledricity  in  his  apparatus  generally  corre- 
,  fponded  very  nearly,  to  the  quantity  of  rain 
that  fell  in  the  fame  time  %.  Nor  is  any 
ihihg  to  he  inferred  to  the  contrary  of  this 
fuppofition  from  the  apparatus  not  being  al- 
ways eleflrified  during  rain.-  It  has  fome- 
-times  failed  during  thunder.  Indeed  it  fol- 
lows from  his  general  theory,  that  the  elec- 
tricity of  his  apparatus  could  not  always  cor- 
refpond  to  the  eledricity  of  the  clouds;  fmce 
it  muft  in  fome  meafure  depend  upon  the  fi- 
tuation  of  the  obfervatory,  with  refpedt  to 
thofe  parts  of  the  earth  or  clouds  which  are 
giving  or  taking  eledric  fire.  This  was  con- 
firmed by  an  obfervation  which  he  made  up- 
on one  thunder  cloud,  which  palTed  over  his 
obfervatory.  At  its  approach  his  apparati^s 
was  ele<5lrified  pofitively,  when  it  was  dired- 
ly  over  him  all  figns  of  elefliricity  ceafed,  an^d 
when  it  was  pafled,  his  appfiratus  was  elec- 
,  trifled  negatively  §.  This  obfervation  very- 
much  favours  his  general  theory  of  thunder 
■  clouds. 

Sometimes  all  the  phenomena  of  thunder, 
lightning,  hail,  "rain,  fnow,  and  wind,  have 

•  Lettere  dell'  eleiuicirnio,  p.  s88-  f  Ibid,  p.  199. 

X  ibid.  p.  J07.  §  Ibid.  p.  jio. 
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beea  obferved  at  one  time ;  which  fliows  the 
coonedion  the^  all  have  with  fome  commoa 
caufe  *. 

SiGNioR  Beccaria,"  therefore,  fuppofes 
that,  previous  to  rain,  a  quantity  of  eletSric 
matter  efcapea  out  of  the  earth,  in  fome  place 
where  there  was  a  redundancy  of  it ;  and,  in 
its  afcent  to_  the  higher  regions  of  the  air» 
collets  and  conduds  into  its  path  a  great 
quantity  of  vapours.  The  fame  caufe  that 
collets,  will  condenfe  them  more  and  more  : 
till,  in  the  places  of  the  neareft  intervals,  they 
come  almoft  into  conta<^,  fo  as  to  form  fmall 
drops;  which  uniting  with  others  as  they 
fall,  come  down,  in  rain.  The  rain  will  be 
heavier  in  proportion  as  the  ele(3:ricity  is  more 
vigorous,  and  the  cloud  approaches  more 
nearly  to  a  thunder  cloud  f . 

He  imitated  the  appearance  of  clouds  that 
bring  rain  by  infutating  himfelf  between  the 
rubber  and  conductor  of  his  electrical  machine, 
and  with  oAe  hand  dropping  colophonia  into  a 
fpoon  faftened  to  the  conductor,  and  holding 
a  burning  coal,  while  his  other  hand  com- 
municated with  the  rubber.  In  thefe  circum- 
fiances  the  fmoke  fpread  along  his  arm,  and, 
by  degrees,  all  over  his  body,  till  it  came  to 
the  other  hand  that  communicated  with  the 
rubber.  The  lower  furface  of  this  fmoke  was 
every  where  parallel  to  his  deaths,  and  the 
upper  furface  wa^  fwelled  and  arched  like 
clouds  replete  with  thunder  and  rain  %,    la 

•  Lettere  dell*  eletuicifaiO)  p.  190.  i^^.        \  Ibid.  p.  30;. 
J  Ibid.  p.  394. 
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this  maflner>  he  fuppofes,  the  clouds  that 
Iwing  rain  diffufc  themfelvcs  from  over  thofe 
parts  of  the  earth  which  abound  with  eledtric 
fire,  to  thofe  parts  that  are  exhaufted  of  it; 
and,  by  letting  fall  their  rain,  rcllorc  the  equi- 
librium between  them. 

SiGNioR  Beccaria  thought  that  the  elec- 
tricity communicated  to  the  air,  which  both 
receives  and  parts  with  it  fiowly,  would  ac- 
count for  the  retention  of  vapours  in  a  clear 
Iky  ;  for  fmall  disjoined  cleuds,  not  difperfed 
into  rain;  for  the  fmaller  and  lighter  clouds 
in  the  higher  regions  of  the  air,  which  are 
but  little  affeaed  by  electricity ;  and  alfo  for 
the  darket*  heavy,  and  fluggifh  clouds  in  the 
lower  regions,  which  retain  more  o£  it  *.  The 
degrecof  eledricity  which  he  could  commu- 
nicate to  the  air  of  his  room,  notwithftanding 
its  being  in  contaft  with  the  floor,  the  walls, 
&c.  made  this  appear  to  him  both  poflible 
and  probable  f. 

He  even  imagined,  that  fome  alteration  in 
the  weight  of  the  air  might  be  made  by  this 
cleilricity  of  it  J.  He  obferved  his  barome- 
ter to  fall  a  little  immediately  upon  a  fla(h  of 
lightning  ;  but  he  acknowledges  that  this  cir- 
cumftance  is  no  fufficient  foundation  to  fup- 
pofc  that  elcdricity  will  account  for  much  va- 
riation of  the  height  of  the  barometer  |.  But 
he  thought  that  the  phenomena  of  rain  favour- 
ed the  fuppofition,  that  the  eledric  matter  in 
the  air  did,  in  fome  meafure,  leffen  its  pref- 

'  Letttre  dell'  elettricifmo,  p.  348,  349. 

t  Ibid.f,  35P.  i  Ibid.  J  Ibid.  p.  353. 
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lure.  For  when  the  eledric  matter  is  adually 
in  the  air,  co]le<fliDg  and  condenfmg  th6  va- 
pours, the  barometer  is  loweft.  When  the 
communication  is  made  between  the  earth  and 
the  clouds  by  the  rain,  the  quickfilver  begins 
to  rife ;  the  eleftric  matter,  which  fupported 
part  of  the  preffure,  being  difcharged.  And 
this,  he  ihows,  will  be  the  cafe  whether  the 
eleftricity  in  the  air  b&  pofitive  or  ue-, 
gative  •- 

Hail,  this  ingenious  philofopher  fuppofes 
to  be  formed  in  the  higher  regions  of  the  air, 
where  the  cold  is  intenfe,  and  where  the  elec- 
tric matter  is  very  copious.  In  thefe  circum- 
ftances,  a  great  number  of  particles  of  water 
are  brought  near  together,  where  they  are 
frozen,  and  in  their^defcent  collefl:  other  par- 
ticles :  fo  that  the  denfity  of  the  fubftance  of 
the  hail-ftone  grows  lefs  and  lefs  from  the 
center;  this  being  formed  firft,  in  the  higher 
regions,  and  the  furface  being  colleded  in  the 
lower.  Agreeable  to  this,  it  is  obferved,  that, 
in  mountains,  hail-ftones,  as  well  as  drops  of 
rain,  aire  very  fmall ;  there  being  but  fmall 
fpace  through  which  they  can  fall,  and  there- 
by increafe  their  bulk.  Drops  of  rain  and 
hail  agree  alfo  in  this  circumllance,  that  the 
more  intenfe  is  the  electricity  that  forms  theoli, 
the  larger  they  aref.  Motion  is  known  to 
promote  freezing,  and  fo  the  rapid  -motion  of 
the  eleflxified  clouds  may  promote  that  effeO: 
in  th$  air  %, 

•  Letterc  dell'  ellettrlcifmo,  p,  354.  ■)■  Ibid.  p.  314. 

;  Ibid.  p.  318, 
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Clouds  of  fnow  diiFer  in  nothing  front 
clouds  of  rain^'  but  in  the  circumAance  of  cold, 
which  freezes  them.  Both  the  regular  diffu- 
fion  of  fnow,  ajid  the  regularity  in  the  ftruc- 
ture  of  the  parts  of  which  it  confifta  (particu- 
larly fome  figures  of  fnow  or  hail,,  which  he 
calls  rofetiey  and  which  fall  about  Turin)  fhow 
the  clouds  of  fnow  to  be  a<^uated  by  fome  uni-> 
form  caufe,  like  eleflricity  *.  He  even  en- 
deavours, very  particularly,  to  fliow  in  what 
mknner  certain  configurations  of  fnow  are 
made,  •  by  the  uniform  adion  of  eledricity  f , 
All  thefe  conjectures  about  the  caufe  of  hail 
and  fnow  were  confirmed  by  obferving,  that 
his  apparatus  never  failed  to  be  electrified  by 
fnow,  as  well  as  by  rain. 

A  MORE  intenfe  eleftricily  unites  the  par- 
ticles of  hail  more  clofely  than  the  more  mo- 
derate eledtricity  does  thofe  of  fnow.  In  like 
manner,  we  fee  thunder  clouds  more  denfe 
than  thofe  which  merely  bring  rain,  and  the 
drops  of  rain  are  larger  in  proportion,  though 
they  often  fall  not  from  fo  great  a  height  %. 

I  SHALL  conclude  this  fe^ion  with  obferving, 
that  profeflbr  Wlnthrop  found  his  apparatus 
to  be  ftrongly  eledrified  for  feveral  hours, 
while  the  fnow,  which  fell  the  day  before 
(and  which  had  not  eledrified  his  apparatus 
while  it  vras  falling)  was  driven  about  by  a 
high  wind  the  fame  he  had  obferved  twice  be- 
fore. Franklin's  Letters,  new  edition,  p.  494. 

'  LetKredell'ellettncilmD,  p.  ^%o.  321. 32$. 
t  Ibid.  p.  315-  33'*  333-  X  Ibid.p.  32*. 
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SECTION    XII. 
The  attempts  that  have  beem  made 

TO  explain  some  of  the  more  UN- 
usual  APPEARANCES  in  the  earth 

AUD  HEAVSNS  BV  ELECTRICITY. 

IN  the  two  preceding  feiSions  of  this  pe- 
riod, relating  to  the  eledriclty  of  the  at- 
mofphere,  the  experiments  and  obfervations 
of  Signior  Beccaria  have  made  a  principal 
figure ;  and  the  materials  I  have  colle<^ed 
from  him  make  a  no  lefs  confiderahle  part  of 
this.  They  who  may  have  thought  he  in- 
dulged too  much  to  imagination  before^  will 
think  him  abfolutely  extravagant  here;  but 
his  extravagancies,  if  they  be  fuch,  are  thofe 
of  a  great  genius ;  and  had  he  a  thoufand 
more  fucH  extravagancies,  I  Ihould,  with 
pleafure,-  have  followed  him  through  them 
all. 

The  meteor,  ufually  csW'cA  3,  falling  Jiar-, 
has  hitherto  puzzled  all  philofophers.  Signior 
Beccaria  makes  it  pretty  evident,  that  it  is  aii 
cleftrieal  appearance ;  and  the  fadt  which  he 
relates  as  a  proof  of  it,  is  exceedingly  curious 
and  remarkable. 

As  he  was  one  time  fitting  with  a  friend 
in  the  open  air,  an  hour  after  fun-fet,  they 
iaw  what  is  called  a  falling  ftar  dire^ing  its 
courfe  towards  them,  and  apparently  growin;j 
larger  and  larger,  till  it  difappeared  not  far 
F  f  from 
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from  them ;  when  it  left  their  faces,  bands* 
and  cloaths,  with  the  earth,  and  all  the  neigh- 
bouring objetlis,  fuddenty  illuminated,  with 
a  diffafed  and  lambent  light,  attended  with 
no  noife  at  all.  While  they  were  ftarttng  up, 
Handing,  and  looking  at  one  anpther,  fur- 
prifed  at  the  appearance,  a  fervant  came  run- 
ning to  them  out  of  a  neighbouring  garden, 
and  afked  them  if  they  had  fcen  nothing ;  for 
that  he  had  feen  a  light  ihine  fuddeoly  in  the 
garden,  and  efpecially  upon  the  ftreams  which 
he  was  throwing  to  water  it  *. 

All  thefe  appearances  were  evidently  elec- 
trical; and  Signior  Beccaria  was  confirmed  in 
his  conjefture,  that  ele&'icity  was  the  caufe 
of  "them,  by  the  quantity  of  eleflric  matter 
which,  as  was  mentioned  before,  he  had  feen 
gradually  advancing  towards  his  kite ;  for 
that,  he  fays,  had  very  much  the  appearance 
of  a  falling  ftar.  Sometimes  alfo  he  faw  a 
Icind  of  glory  round  the  kite,  which  followed 
it  when  it  changed  its  place,  but  left  fomc 
light,  for  a  fmall  fpacc  of  time,  in  the  place 
which  it  had  quitted  "f. 

That  appearances,  which  bear  evident 
marks  of  eledricity,  have  a  very  fenfible  pro- 
greffivc  motion,  is  demonftrated  from  a  variety 
of  meteorological  obfervations.  1  ihall  relate 
i^ne  made  by  Mx'.  Chalmers,  when  he  was  on 
board  the  Montague  under  the  command 
of  Admiral   Chambers.     The  accoimt  of  it 

■  Lfttere  dell*  elettridrmo,  p.  iii, 
t  ibid.  p.  130. 
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was  raad  at  the  Royal  Society,  March  the  22d, 

J749-  -  '  ■ 

On  the  4th  of  November  1749,  in  lat. 
42°  48'  long,  y"  3'  he  was  taking  an  ob-  " 
fervation  on  the  quarter-deck,  about  ten  mi- 
nutes before  twelve,  when  one  of  the  quarter- 
mafters  defired  he  would  look  to  the  wind- 
■ward ;  upon  which  he  obfcrved  a  large  ball  of 
blue  fire  rolling  on  the  furface  of  the  water,  at 
about  three  miles  diftance  from  them.  They 
immediately  lowered  their  top-fails,  &c.  but 
it  came  down  upon  them  fo  fall,  that  before 
they  could  raife  the  main-tack,  they  obferved 
the  ball  to  raife  almoft  perpendicular,  and  not 
above  forty  or  fifty  yards  from  the  main- 
chains  ;  when  it  went  off  with  an  explofion  as 
if  hundreds  of  cannon  had  been  fired  at  one 

.  time,  and  left  fo  great  a  fmell  of  brimftone, 
that  the  ihip  feemed  to  be  nothing  but  ful- 
phur.  After  the  noife  was  over,  which,  he 
believed,  did  not  lafl  longer  than  half  a  fecond, 
they  found  their  main  top-maft  fliattered  into 
above  a  hundred  pieces,  and  the  main  maft 
rent  quite  down  to  the  heel.  There  were  fome 
of  the  fpikes  which  .nail  the  fifli  of  the  main- 
maft  drawn  with  fuch  force  out  of  the  maft, 

'  and  they  ftuck  fo  faft  in  the  main-deck,  that 
the  carpenter  was  obliged  to  take  an  iron 
crow  to  get  them  out.  There  were  five  men 
knocked  down,  and  one  of  them  greatly 
burntby  the  explofion.  They  believed,  that 
vrhenthe  ball,  which  appeared  to  them  to  be 
of  the  bignefs  of  a  large  miil-rftone,  rofe,  it 
took  the  middle  of  the  main  top-mafi,  as  the 
F  f  2  head 
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head  of  the  maft  ahove  the  hounds  was  not 
fplinjered.  They  had  a  hard  gale  of  wind 
from  the  N.  by  W.  to  the  N.  N.  E.  for  two 
days  before  the  accident,  with  a  great  deal  of 
rain  artd  hail,  and  a  large  fea.  From  the 
northward  they  had  no  thunder  or  lightning, 
neither  before  nor  after  the  explofion.  The 
ball  came  down  from  the  North-Eaft,  and 
went  to  the  South-Weft. 

That  the  Aurora  Borealls  is  an  electrical 
phenomenon  was,  I  believe  never  difputed, 
front  the  time  that  lightning  was  proved  to  be 
one.  To  the  circumftances  of  refemblance 
which  had  before  been  taken  notice  of  be- 
tween this  phenomenon  and  eledlricity ; 
Signior  Beccaria  adds,  that  when  the  Aurora 
Borealis  has  extended  lower  than  ufual  into 
the  atmofphcre,  various  founds,'  as  of  rum- 
bling, and  hifling,  have  been  heard  *. 

Mr.  Bergman  fays,  he  has  often  obferved 
the  magnetic  needle  to  be  difturbed  by  a  high 
aurora  borealis,  but  that  he  could  never  pro- 
cure any  clcdiricity  from  them,  either  with 
pointed  metallic  rods,  or  by  means  of  a 
kitef. 

Mr.  Canton  (befides  his  conjedture,  men- 
tioned before,  p.  ^Sq,  that  the  aurora  bo- 
realis may  be  the  fiafliing  of  tleftric  fire  from 
pofitive  towards  negative  clouds  at  a  great 
diftance,  through  the  upper  part  of  the  at- 
mofphcre, where  the  refiftance  is  leail)  fup- 
pofcs  that  the  aurora  borealis,  which  happens 

*  Elettticirmo  aniXciale  e  naturale,  p.  zii. 
t  Phil.  Tiauf.  Vol.  hi.  p[,  ii.  p.  tfiy 
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at  the  time  that  the  needle  is  difturbed  by  the 
heat  of  the  earth,  is  the'  eleQricity  of  the 
heated  air  above  it;  and  this,  he  fays,  will 
appear  chiefly  in  the  northern  regions,  as  the 
.alteration  in  the  heat  of  the  air  in  thofe  parts 
will  be  the  greateft.  This  hypothefis,  he 
adds,  will  not  feem  improbable,  if  it  be  con- 
fidered,  that  eleflricity  is  n,ow  known  to  be 
the  caufe  of  thunder  and  lightning,  that  it  has 
been  extracted  from  the  air  at  the  time  of  an 
aurora  borealis ;  that  the  inhabitants  of  the 
northern  countries  obferve  the  aurora  to  be 
remarkably  ftrong,  when  a  fuddcn  thaw  hap- 
pens after  fevere  cold  weather ;  and  that  the 
curious  in  thefe  matters  are  now  acquainted  . 
with  a  fubftance  that  will,  without  friifiion, 
both  emit  and  abforb  the  eleClric  fluid,  only 
by  the  increafe  or  diminution, of  its  heat; 
meaning  the  tourmalin,  in  which  he  had  dif- 
covered  that  property  *. 

In  a  paper,  dated  November  the  nth, 
1754,  he.  fays  he  has  fometimes  known  the 
air  to  be  elearical  in  clear  weather,  but  never 
at  night,  except  when  there  has  appeared  an 
aurora  borealis,  and  then  but  to  a  fmall  de- 
gree, which  he  had  feveral  opportunities  of 
obferving  that  year.  How  far  pofitive  and 
negative  eleftricity  in  the  air,  with  a  proper 
quantity  of  moillure  between,  to  ferve  as  a 
conduilor,  will  account  for  this,  and  other 
meteors,  fometimes  feen  in  a  ferene  flcy,  he 
leaves  to  be  inquired  into  "f". 

•  Phil.  Tnnf.  Vol.  li.  pt.  i.  p.  403. 
t  ibid.Vol.xlviti.pl.  li.  p'784. 
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SiGNioR  Beccaria  takes  fome  pairw  ta 
fliow  tbat  water /pouts  have  aa  eleflrical  ori- 
gin. To  make  this  more  evident,  be  firtt  de- 
fcribes  the  circumftances  attending  their  ap- 
pearance, which  are  the  following. 

They  generally  appear  in  calm  weather. 
The  fea  feems  to  boil,  and  fend  up  a  fmoke 
under  them,  rifing  in  a  hill  towards  the  fpout; 
At  the  fame  time,  perfons  who  have  been 
near  them  have  beard  a  rumbling  noife.  The 
form  of  a  water  fpout  is  that  of  a  fpeaking- 
trumpet,  the  wider  end  being  in  the  clouds* 
and  the  narrower  end  towards  the  fea.  The 
iize  is  various,  even- in  the  fame  fpout.  The 
colour  is  fometimes  inclining  tO'  wlute,  and 
fomettmes  to  black-  Their  poUtion  is  fome- 
times perpendicular  to  the  fea,  fometimes  ob- 
lique ;  and  fometimes  the  fpout  itfelf  is  in  the 
form  of  a  curve.  Their  continuance  is  very 
various,  fome  difappearing  as  foon  as  formed^ 
and  fome  continuing  a  confiderable  time. 
One  that  he  had  heard  of  continued  a-  whole 
hour.  But  they  often  vanifh,  and  prefeutly 
appear  again  in  the  fame  place  *. 

The  very  fame  things  that  water  fpouts  are 
at  fea  are  fome  kinds  of  •wlvrlwiruis  and  hur- 
ricanes by  land. ,  They  have  been  known  to 
tear  up  trees,  to  throw  down  buildings,  make 
caverns  in  the  earth  \  and,  in  all  thefe  cafes, 
to  fcatter  earth,  bricks,  flones,  timber,  &c.  to 
a  great  diftance  in  evety  diredion  t-     Great 


'  Eletcridrmo  irtifimle  e  natnrale,  p.  206,  &c. 
f  Ibid.  p.  310. 
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quaTititles  of  water  have  been  left,  or  raifed 
by  them,  fo  as  to  make  a  kind  of  deluge ; 
and  they  have  always  been  attended  with  a 

,  pr6digiou8  rumbling  noifc. 

That  thefe  phenomena  depend  ujjon  elec- 
tricity cannot  but  appear  very  probable  from 
the  nature  of  feveral  of  them  ;  but  the  con- 

,  jeSure  is  made  mcjre  probable  from  the  fol- 
lowing'  additional  circumftances.  They  ge- 
nerally appear  in  months  peculiarly  fubjeft  to 
thunder  ftorms,  and  are  commonly  preceded, 
accompanied,  or  followed  by  lightning,  raini 
or  hail ;  the  previous  ftate  of  the  air  being 
fimil-ar.  Whitifh  or  yeilowifh  flalhes  of  light 
have  fometimes  been  feen  moving  with  prodi- 
gious fwlftnefs  about  them.  And,  laftjy,  the 
manner  in  which  they  terminate  exa^ly  re- 
fembles  what  might  be  expefted  from  the  pro- 
longation.of  one  of  the  uniform  protuberances 
of  eleCirlfied  clouds,  mentioned  before,  to- 
wards the  fea ;  the  water  and  the  cloud  mu- 
tually attracting  one  another  ;  for  they  fud- 
denly  contradl  themfelves,  and  difperfe  almoft 
at  once;  the  cloud  rifing,  and  the  water  of 
the  fea  under  it  falling  to  its  level.  But  the 
moft  remarkable  circumftance,  and  the  moft 
favourable  to  the  fuppofition  of  their  depend- 
ing upon  eleiflricity  is,  that  they  have  been 
difperfed  by  prefenting  to  them  fliarppointed 
knives  or  fwords.  This,  at  leaft,  is  the  con- 
ftant  praftice  of  mariners,  in  many  parts 
of  the  world  where  thefe  water  fpouts  abound ; 
and  he  was  afllir&d  by  feveral  of  them,  that 
F  f  4  the 
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the  method  has  often  been  undoubtedly  effec- 
tual *. 

The  analogy  between  the  phenomena  of 
water  fpouts  and  eleilricity,  he  fays,  may  be 
madevifible,  by  hanging  a  drop  of  water  to 
a  wire  communicating  with  the  prime  con- 
duSor,  and  placing  a  veflel  of  water  under  it. 
In  thefe  circumftancGs,  the  drop  affumes  all 
the  various  appearances  of  a  water  fpout,  both 
in  its  rife,  form,  and  manner  of  difappearing. 
Nothing  is  wanting  but  the  fmoke,  which 
may  require  a  great  force  of  dedtricity  to  be- 
come vifible. 

Mr.  Wilcke  alfo  confiders  the  water  (pout 
as  a  kind  of  great  cledrical  cone,  raifed  be- 
tween the .  cloud  ftrongly  electrified,  and  the 
fea  or  the  earth  "f,  and  he  relates  a  very  re- 
markable appearance  which  occurred  to  him- 
felf,  and  which  ftrongly  confirms  his  fuppofi- 
tion.  On  the  2cth  of  July  1758,  at  three 
o'clock  in  the  afternoon,  he  obferved  a  great 
quantity  of  duft  rifing  from  the  ground,  and 
covering  a  field,  and  part  of  the  town  in 
which  he  then  was.  There  was  no  wind, 
and  the  duft  moved  gently  towards  the  Eaft, 
where  there  appeared  a  great  black  cloud, 
which,  when  it  was  near  his  zenith,  ele£irifi- 
ed  his  apparatus  pofitively,  and  to  as  great  a 
degree  as  ever  he  had  obferved  it  to  be  done 
by  natural  electricity.  This  cloud  paffed  his 
zenith,  and  went  gradually  towards  the  Weft, 
the  duft  then  following  it,  and  continuing  to 

*  Elcitncirmo  irtifidale  e  natarale,  p.  si  3. 
.  f  Wilclce,  p.  142. 
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rife  higher  and  higher  till  it  compofed  a  thick 
pillar,  in  the  form  of  a  fugar-loaf,  and  at 
length  feemed  to  be  in  contaifl  with  the  cloud. 
At  fome  diftance  from  this,  there  came,  in 
the  fame  path,  another  great  cloud,  together 
with  a  long  ftream  of  fmaller  clouds,  moving 
fafter  than  the  preceding.  Thefe  clouds  elec- 
trified his  apparatus  negatively,  and  vrhen 
they  came  near  the  pofitive  cloud,  a  flafli  of 
lightning  was  feen  to  dart  through  the  cloud 
ofduft,  the  pofitive  cloud,  the  large  negative 
cloud,  and  as  far  as  the  eye  could  diftinguifli, 
the  whole  train  of  fmaller  negative  douds 
which  followed  it.  Upon  this;  the  negative 
clouds  fpread  very  much,  and  dilTolved  in 
rain,  and  the  air  was  prefently  clear  of  all  the' 
duft.  The  whole  appearance  laftcd  not  above 
half  an  hour  *. 

To  Signior  Beccaria's  theory  of  water  fpouts 
and  hurricanes,  1  fhall  add  a  defcription  of  a 
hurricane  in  the  Weft  Indies,  from  the  jic- 
cohnt  of  the  European  Settlements  in  America^ 
part  of  which  is  tranfcribed  from  the  Philo- 
fophical  Tranfadions.  Both  were  evidently 
written  without  the  moft  diftant  view  to  any 
philofophical  theory,  and  leaft  of  all  that  of 
eleftriclty ;  and  yet  thofe  who  are  difpofed  to 
favour  this  hypothcfis  may  perceive  feveral  cir- 
cumftances,  which  tend  to  ftrengthen  it.  I 
need  not  point  them  out. 

"  It  is  in  the  rainy  feafon,  principally  in 
the  month  of  Auguft,  more  rarely  in  July 

*  Remsrlci  on  Dr.  FraakJin'i  Leiteri,  p.  348. 
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*'  and  September,  that  they  are  aflauhed  by 
*'  hurricanes^  the  moft  terrible  calamity  to 
"  which  they  are  fubjeft  from  the  climate. 
**  This  deftroys,  at  one  ftrote,  the  labour  of 
"  many  year«,  and  iVuftrates  the  moft  exalt- 
**  ed  hopes  of  the  planter ;  and  often  juft  at 
**  the  moment  when  he  thinks  himfelf  outof 
**  the  reach  of  fortune.  It  is  a  fudden  and 
**  violent  florm  of  wind,  fain,  thunder,  and 
""  lightning;  attended  with  a  furious  fwelling 
**  ofthefea,  and  fometimes  with  an  eartji- 
"  quafce;  in  fliort,  with  every  circunjftancc 
"  which  the  elements  can  aflemble  that  is  ter- 
•*  rible  and  deftru£tive. 

"  First  they  fee,  a&  a  prelude  to  the  en- 
•*  fuing  havocfc,  whole  fields  of  fugar  canes 
**  whirled  into  the  aJr,  and  fcattercd  over  the 
"  face  of  the  country.  The  ftrongeft  trees  of 
**  the  foreft  are  torn  ,up  by  the  roots,  and 
**  driven  about  like  ftubble.  Their  wind- 
"  mills  are  fwept  away  in  a  moment.  Theit 
**  works,  their  fixtures,  the  ponderous  copper 
"  boilers  and  ftills,  of  feveral  hundred  weight, 
*'  are  wrenched  from  the  ground,  and  batter- 
**  ed  to  pieces.  Their  houfes  are  no  protec- 
*•  tion  ;  the  rooft  are  torn  off  at  one  blaft, 
'*  whilft  the  rain,  which  in  an  hour  rifes  five 
*'  feet,  ruflies  in  upon  them  with  an  irrefiftible 
"  violence. 

"  Therp  are  figns,  which  the  Indians  of 
"  thefe  iflands  taught  pur  planters,  by  which  • 
"  they  can  prognofticate  the  approach  of  a 
**  hurricane.    It  comes  on  either  in  the  quar- 
**  tere,  or  at  the  fuU  or  change  of  the  moon. 

'      :  If 
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**  If  it  will  come  on  ftt  the  full  moon,  you  be- 
**  ing  at  the  change,  obferve  thefe  figns; 
"  That  day  you  will  fee  the  iky  very  turbu- 
**  lent.  You  will  obfcrTC  the  fun  more  red 
"  than  at  other  times.  You  will  perceive  a 
**  dead  calti}*  and  the  hills  clear  of  all  thofe 
"  clouds  and  mifts  which  ufually  Jiover  about 
^  **  them.  In  the  clefts  of  the  earth,  and  in 
"  the  wells,  you  will  hear  a  hollow  rumbling 
**  found,  like  the  ruftiing  of  a  great  wind.  At 
«  night  the  ftars  feem  much  larger  than  ufual, 
**  and  furrounded  with  a  fort  of  burs.-  The 
**  North-weft  iky  has  a  black  and  menacing 
**  kx>k,  and  the  fea  emits  a  iht)ng  fmell,  and 
"  rifes  into  vail  waves,  often  without  any 
**  wind.  The  wind  itfelf  now  forfakcB  it» 
**  ufual  fleady  Eafhrly  ilream,  and  £hiit9 
**  about  to  the  Weftj  from  whence  it  fome- 
*'  times  blows,  with  intcrmiiGons,  violent- 
*'  ly  and  irregularly,  for  about  two  hours 
*^  at  a  time.  You  have  the  fame  figns  at  the 
'*  full  of  the  moon.  The  moon  itfelf  is  fur- 
**  rounded  with  a  great  bur,  and  fometimes 
"  the  fun  has  the  iame  appearance  *." 

The  firft  perfon  who  advanced  that  earth- 
quakes were  probably  cauicd  by  eledricity^ 
was  Xyt.  Stukeley,  upon  eccafion  of  the 
earthquakes  at  London,  on  February  the  8th, 
and  on  March  the  8th,  1749;  and  another 
which  affe^d  various  other  parts  of  England,  . 
the  center  being  about  Da ventry  in  Northamp- 

*  AccoDot  of  the  Earopean  Seitlemcnu  in  Amnicf .  Vol.  iu 
Y  96,  &c.        Pbil.  TianC  abiid^ed,  Vol.  ii.  p.  106. 
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tonftiire,  on  the  ^cth  of  September  1750. 
The  papers  which  the  Dodior  delivered  to  the 
R.oyal  Society  on  thefe  occafioos,  and  which 
were  read,  March  the  2  2d,  1749,  and  Decem- 
ber the  ,6th,  1750,  well  deferve  the  attention 
of  all  philofophers  and  electricians.  I  ftiall  , 
here  givd  the  fubftance  of  both  j  only  abridg- 
ing, and  diflFerently  arranging  the  materials 
of  them.  . 

That  earthquakes  are  not  owing  to  fub- 
terraneous  winds,  fires,  vapours,  or  any  thing 
that  occafions  an  explofion,  and  heaves  up 
the  ground,  he  thought  might  eafily  be  con- 
cluded from  a  variety  of  cirtfumftances.  In  the 
6rft  place,  he  thought  there  was  no  evidence 
of  any  remarkable  cavernous  ftru£lure  of  the 
earth  ;  but  that,  on  the  contrary,  there  is 
rather  reafon  to  prefume,  that  it  is,  in  a  great 
meafure,  folid ;  fo  as  to  leave  little  room  for 
internal  changes  and  fermentations  within  its 
fubftance  j  nor  do  coal-pits,  he  fays,  when  on 
fire,  ever  produce  any  thing  rcfembling  an 
earthquake. 

In  the  fecond  earthquake  at  London,  there 
was  no  fuch  thing  as  fire,  vapour,  fmoke, 
fmell,  or  an  eruption  of  any  kind  obferved, 
though  the  fhock  affeded  a  circuit  of  thirty 
miles  in  diameter.  This  confideration  alone, 
of  the  extent  of  furface  fhaken  by  an  earth- 
quake, he  thought  was  fufficient  tooverthrovir 
the  fuppofition  of  its  being  owing  to  the  ex- 
panfion  of  any  fubterraneous  vapours.  For  it 
could  not  poffibly  be  imagine^,  that  fo  im- 
menfe  a  force,  as  could  aft  upon  that  compafs 

of 
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of  ground  inftantaneoufly  fhould  never  break 
the  furface  of  it,  fo  as  to  be  difcoverable  to  the 
fight  or  fmell ;  when  finall  fire  balls,  burfting 
in  the  air,  have  inftantly  propagated  a  ful- 
phureous  fmell  all  around  them,  to  the  dif- 
tance  of  feveral  miles. 

Besides,  the  operation  of  this  great  fer- 
mentation, and  produdion  of  elaftic  vajiours, 
&c.  ought  to  be  many  days  in  continuance, 
and  not  inftantaneous ;  and  the  evaporation  of 
fuch  a  quantity  of  inflammable  matter  would 
xequire  a  long  fpacc  of  time. 

H  E  thought  that  if  vapours  and  fubterrane- 
ous  fermentations,  explofions,  and  eruptions 
were  the  caufe  of  earthquakes,  they  would 
abfolutely  ruin  the  whole  fyftem  of  fprings 
and  fountains  wherever  they  had  once  been  : 
which  is  quite  contrary  to  fatS,  even  where 
they  have  been  frequently  repeated.  Men- 
tioning the  great  earthquake  which  happened 
A.  D.  17,  when  no.  lefs  than  thirteen  great 
cities  of  Afia  Minor  were  deftroyed  in  one 
night,  and  which  may  be  reckoned  to  have 
■ftiaken  a  mafs  of  earth  700  miles  in  diameter, 
he  aiks.  How  can  we  pofRbly  conceive  the  ac- 
tion of  any  Subterraneous  vapours  to  produce 
fuch  an  effedl  fo  inftanteoufly?  How  came  it 
to  pafs,  that  the  whole  country  of  Afia  Minor 
was  not  at  the  fame  time  deftroyed,  its  moun- 
tains reverfed,  its  fountains  and  fprings  bro- 
ken up,  and  ruined  for  ever,  and  the  courfe 
of  its  rivers  quite  changed?  Whereas,  nothing 
fuffered  but  the  cities.  There  was  no  kind  of 
altera- 
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alteration  in  the  furface  of  the  country,  which, 
indeed,,  remains  the  fame  td  this  day. 

■To  make  the  hypotiiefis  of  fubterraneous 
vapours,  &c.  being  the  caufe  of  earthquakes 
the  more  improbable,  he  obferves,  that  any 
fubterraneous  poviJer,  fufficient  to  move  a  fur- 
iace  of  earth  thirty  miles  in  diameter,  as  in 
the  earthquakes  which  happened  at  London, 
muft  be  lodged  at  leaft  fifteen  or  twenty  miles 
befow  the  furface  of  the  earth,  and  therefore 
muft  move  an  inverted  cone  of'folid  earth, 
whofe  bafis  is  thirty  miles  in  diameter,  and 
axis  fifteen  or  twenty  miles ;  an  cffcft  which, 
he  fays,  no  natural  power  could  produce. 

Upon  the  fame  principle,  the  fubterraneous 
caufe  of  the  learthquake  in  Afia  Minor  muft 
have  moved  a  cone  of  earth  of  300  miles  in 
bafe,  and  200  in  the  axis  ;  which,  he  fays, 
all  the  gun-powder  which  has  ever  been  made 
lince  the  invention  of  it  would  not  have  been 
able  to  ftir,  much  lefs  any  vapour's,  which 
could  be  fuppofed  to  be  generated  fo  far  below 
the  furface. 

I T  is  not  upon  the  principles  of  any  fubter- 
janeous  explofion  that  we  can,  in  the  leaft, 
account  for  the  manner  in  which  fhips,  far 
from  any  land,  are  affe£led  during  an  earth- 
quake ;  which  feem  as  if  they  ftruck  upon  a 
rock,  or  as  if  fomething  thumped  againft  their 
bottoms.  Even  the  fifties  are  affedted  by  an 
earthquake.  The  ftroke,  therefore,  muft  be 
occafioned  by  fomething  that  could  communi- 
cate motion  with  ufffpeakably  greater  velocity 

than, 


N.«j-,Go6»^lc 


EARTH  QJJ  A  K  E  S.  447 
than  any  heaving  of  the  earth  under  the  fea,  , 
by  the  elafticity  of  generated  vapours-  This 
could  only  produce  a  gradual  fweil>  and  eouM 
never  give  fuch  ^n  impulfe  to  the  water,  as 
"would  make  it  feel  like  a  ftone. 

Comparing  all  thefe  circumftances,  iDr. 
"Stukeley  fays,  he  had  always  thought,  that 
an  earthquake  was  an  eledlrical  Ihock,  of  the 
fame  nature  with  thofe  which  are  now  become 
familiar  in  eledrical  eT^periments.  And  this 
hypothefis  he  thought  was  confirmed  by  the 
phenomena  preceding  and  attending  eatth- 
. quakes,  particularly  thofe  'which  occafioned 
4his  publication. 

-  The  weather,  for  five  or  fix  months  before  ■ 
the  firft  of  thefe  earthquakes^  had  been  dry 
and  warm  to  an  extraordinary  degree,  the  ' 
wind  generally  South  and  South-Weft,  and 
that  without  rain ;  fo  that  the  earth  muft  have 
been  in  a  ftate  of  eleQricity  ready  for  that  par- 
ticular vibration  in  which  eleftrification  con- 
fifts.  On  this  account,  he  obferves,  that  the 
Northern  regions  of  the  world  are  but  little 
fubje£t  to  earthquakes  in  comparifon  with  the 
Southern,  where  the  warmth  and  drynefs  of 
the  air,  fo  ncceflary  to  elci^ricity,  are  com- 
mon. All  the  fiat  country  of  Lincolnfliirc 
before  the  earthquake  in  September,  though, 
underneath  it  is  a  watery  bog,  yet,  through 
the  whole  preceding  timmer  and  autumn  (as 
they  can  have  no  natural  fprings  in  fuch  a 
level),  the  drought  had  been  fo  great  on  the 
furface  of  the  earth,  that  the  inhabitants  were 
obliged  to  drive  their  cattle  feveral  miles  to 
'  .       water. 
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water.     This,  he  fays,  fhow8  how  fit  the  dry  * 
furface  was  for  an  eleftrical  vibration ;  and  al- 
fo,  which  is  of  great  Importance,. that  earth- 
quakes reach  but  very  little  below  the  furface 
of  the  earth. 

Before  the  earthquake  at  London,  all  ve- 
getables had  been  uncommonly  forward.  At 
the  end  of  .February,  in  that  year,  all  forts  of 
garden  ftufF,  fruits,  flowers,  and  trees  were 
obferved  to  be  as  forward  as,  in  other  years, 
about  the  middle  of  April ;  and  eleifiricity  is 
well  known  to  quicken  vegetation. 

The  aurora  borealis  had  been  very  fre- 
quent about  the  fame  time,  and  had  been 
twice  repeated  juft  before  the  earthquake,  of 
fuch  colours  as  had  never  been  feen  before.  It 
had  alfp  removed  to  the  South,  contrary  to 
what  is 'common  in  England  ;■  fo  that  fome 
Italians,  and  people  from  other  places  where 
earthquakes  are  frequent,  obferving  thefe 
lights,  and  the  peculiar  temperature  of  the 
air,  did  aftually  foretell  the  earthquake.  For 
a  fortnight  before  the  earthquake  in  Septem- 
ber, the  weather  was  ferene,  mild,  and  calm; 
and,  one  evening,  there  was  a  deep  red  Au- 
.  rora  Borealis,  covering  the  cope  of  heaven, 
very  terrible  to  behold. 

The  whole  year  had  been  exceedingly  re- 
markable for  tire-balls,  thunder,  lightning, 
and  corufcations,  almoft  throughout  all  Eng- 
land. Fire  balls  were  more  than  once  feen  in 
Ireland  and  Lincolnlhire,  and  particularly  ob- 
ferved. And  all  thefe  kinds  of  meteors,  the 
Dodor  fays,  are  rightly  judged  to  pro- 
ceed 
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ceed  from  the  eledrical  ftate  of  the  atmo- 
fphere. 

.  In  thefe  previous  circuiiiftances  of  the  ftate 
of  the  earth  and  air,  nothing,  he  fays,  is 
wanting  to  produce  the  wonderful  efFed  of  fia 
■  earthquake,  but  the  touch  of  fome  non-elec- 
.tric  body,  which  muft  neceffarily  be  had  ab 
extraj  from  the  region  of  the  air,  or  atmo- 
fphere.  Hence,  he  infers  that,  if  a  non-elec- 
tric cloud  difcharge  its  contents  upon  any 
part  of  the  earth  in  that  highly  ele£lrical  ftate, 
an  earthquake  muft  neceffarily  -enfue.  As  the 
difcharge  from  an  excited  tube  produces  a 
commotion  in  the  human  body,  fo  the  dis- 
charge of  electric  matter  from  the  compafs  of 
many  miles  of  folid  earth  muft  needs  be-  an 
earthquake,  and  the  fnap  from  the  contact  be 
the  horrid  uncouth  noife  attending  it. 

The  Doctor  had  been  informed,  by  thofe 
who  were  up  and  abroad  the  night  preceding 
the  earthquake,  and  early  in  the  morning, 
that  corufcations  in  the  air  were  extremely 
frequent ;  and  that,  a  little  before  the  earth- 
quake, a  large  and  black  cloud  fuddenly  co- 
Tcred  the  atmofphere,  which  probably  occa- 
fioned  the  {hock,  by  the  difcharge  of  a  ftiower. 
Dr.  Childrey,  he  fays,  obferves,  that  earth- 
quakes are  always  preceded  by  rain,  and  - 
fudden  tempefts  of  rain  in  times  of  great 
drought. 

A  SOUND  was  obferved  to  roll  from  the 

river  Thames  towards  Temple  Bar,  before 

the  houfes  ceafed  to  nod,  juft  as  the  eledrical 

foap  precedes  fhe  ihock.    This  noife,  an  ob- 
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fcrver  faid,  was  much  greater  than  any  he  haii 
ever  heard.  Others,  who  write  upon  earth- 
quakes, commonly  obferve,  that  the  noife 
preeedcs  the  ftiock :  whereas  it  muft  have  been 
quite  the  eontraiy,  if  the  eoncuffioa  had  de» 
pended  upon  a  fubterraaeous  eruption.  Thi> 
noife  attending  earthquakes,  the  Dodor 
thought,  could  not  be  accounted  for,  but 
BpoD  the  principles  of  electricity.  The  earth- 
quake in  September  was  attended  with  a  rufli- 
ing  noife,  aft  if  houfes  were  falling,  and 
people,  in  fome  places,  ^ere  fo  univerlally 
frighted,  as  to  run  out  of  their  houfcs,  ima^' 
ginlng  that  their  own,  and  thofe  of  their 
neighbours  were  tumbling  on  their  heads.  In 
'  fonje  villages,  the  people,  being  at  divine  fer- 
Tice, were  much  ;^rmed  with  the  noife ;  which 
they  faid,  beyond  all  comparifon,  exceeded  aU 
the  thunder  they  had  ever  heard. 

The  fiamcs  and  fulphureous  fiQetls^  which 
are  fonaetimes  oblerved  during  earthquakes^ 
the  Doftor  thought  were  more  eafily  account- 
ed for,  from  the  fuppofition  of  their  being 
eledrica)  phenomena,  than  from  their  being 
occafioned  by  the  eruption  of  any  thing  fconi 
the  bowels  of  the  earth. 

The  impreffion  made  by  an  earthquake 
upon  land  and  water,  to  the  greateft  dillance& 
is,  as  wa&  obferved  before,  inftantancous, 
which  cowld  onFy  be  effefted  by  eteftrJcity, 
In  the  earthquake  in  September,  the  concur7 
tion  was  felt  through  a  ipace  of  loo  mites  in 
length,  and  forty  in  breadth;  and,  as  far,  a» 
could  be  judged,  at  tl>e  ^mc  ioftant  of  time^ 
That 
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'ftiat  this  traCt  of  ground,  which  amounted 
to  4000  fquare  miks  lu  furface,  fliould  be 
thrown  into  fuch  agitation  in  a  moment,  is 
fuch  a  prodigy,  the  Dodlor  fayS,  as  we  could 
never  believe,  or  conceive,  did  we  not  know- 
it  to  be  fail  from,  our  fenfes.  But  if  we  feefc 
the  folution  of  it,  we  cannot  think  any  na- 
tural power  equal  to  it  but  that'  of  eleOricity, 
which  acknowledges  no  fenfible  tranfition  o£ 
time^  no  bounds. 

The  little  damage  generally  done  by  earth* 
quakes,  the  Doctor  thought  to  be  an  argument 
of  their  being  occafioned  by  a  ftmple  vibra-^ 
tion,  or  tremulous  motion  of  the  farface  of 
the  earthi  by  an  electrical  fnapi  Thi^  vibra- 
tion, he  fays,  ImpfeiTed  on  the  watei",  meet*> 
ing  with  the  folid  bottoms  of  fliips  and  light-^ 
ers,  occafions  that  thump  which  is  fa'id  to  bs 
felt  by  them :  yet,  of  the  millions  of  ordinary 
Jioufes,  over  which  it  pafled,  not  one  felh  A 
confideration  which  fufficiently  points '  out 
what  fort  of  a  motion  this  was  not ;  alfo  what 
fort  of  a  motion  it  was*  and  whence  dei-ived  j 
not  a  convulfiort  in  the  bowels  of  the  earth, 
but  an  uniform  vibration  along  its  furface, 
like  that  of  A  mufical  ftring,  or  what  we  put 
k  drinking- gUfs  into,  by  rubbing  one's  finger 
on  the  edge ;  which  yetj  being  brought  to  a 
Certain  pitch,  breaks  the  glafsj  undoubtedly* 
he  adds,  an  electrical  repulfion  of  its  parts. 

That  earthquakes  are  eleftrical   pbeno- 

tnena,  is  farther  evident,  he  fays,  from  their 

chiefly  affe^ing  the  fea-coaft,  places  along 

tivers,  and,  t,  may  add,   emineaces.     The 

G  g  3  earth* 


452         The   THEORY   6P 

earthquake  in  September  fpread^moflly  (o  tke 
North  and  South*  which  the  Do£lor  fays  is 
the  direfSion  of  the  Spalding  river,  whereby 
it  was  conveyed  to  the  fea  fliore,  where  it  was 
particularly  fenfible  j  thence  up  Bofton  chan- 
nel, and  {o  up  Bofton  river  to  Lincoln.  The 
greateft  part  of  this  earthquake  difplayed  its 
efFeds  along,  and  between  the  two  rivers 
Welland  and  Avon,  and  that  from  their 
fources  down  to  their  mouths.  It  likewife 
reached  the  river  Witham,  which  direded  the 
eledtrical  ftream  that  way  alfo  to  Lincoln; 
for  which  reafon,  meeting  the'  fame  coming 
from  Bofton,  it  was  moft  fenfibly  felt  there. 
It  reached,  likewife,  to  the  Trent  at  Notting- 
ham, which  conveyed  it  to  Newark. 

The  fii*ft  eleftrical  ftroke  in  this  earth- 
quake feemed  to  the  Doflor  to  have  been 
made  on  the  high  ground  about  Daventry,  in 
Northamptonlhire.  From  thence  it  defcend- 
ed  chiefly  Eaftward,  and  along  the  river  Wel- 
land, from  Harborough  to  Stamford,  Spald- 
ing, and  the  fea ;  and  along  the  rivers  Avon 
and  Nen  to  Northampton,  Peterborough, 
Wifbich,  and  the  fea.  It  fpread  itfelf  all  over 
the  vaft  level  of  the  ifle  of  Ely,  promoted  by 
a  great  number  of  canals,  natural  and  artifici- 
al, made  for  draining  that  country.  It  was 
ftill  conduced  Eaftward,  by  Mildenhall  river 
in  Suffolk,  to  Bury,  and  the  parts  adjacent.  " 
All  thefe  circumftances  duly  confidered  were 
to  him  a  confirmation  of  the  doctrine  he  ad- 
vanced on  this  fubjeA. 

Lastly, 
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Lastly,  the  Doftor  adds,  as  a  farther 
argument  in  favour  of  his  hypothefis,  that 
pains  in  the  back,  rheumatic,  hyfteric,  and 
nerrous  cafes  j  head-aches,  cholics,  &c.  were 
felt  by  many  people  of  weak  conftitutions, 
for  a  day  or  two  after  the  earthquake;  juft  as 
they  would  after  eleftrification ;  and,  to  feme, 
theie  diforders  proved  fatal. 

In  what  manner  the  earth  and  atmofphere 
are  put  into  that  eleiftrical  and  vibratory  ftate, 
which  prepares  them  to  give  or  receive  that 
fnap  and  fliock,  which  we  call  an  earthquake, 
and  whence  it  is  that  this  ele(^ric  matter 
comes,  the  Doflior  does  not  pretend  to  fay,  but 
thinks  it  as  diiEciilt  to  account  for  as  magne- 
lifm,  gravitation,'  mufcular  motion,  and  many 
other  fecrets  in  nature*. 

Tothefeobfervations  ofDr.Stukeley,  Ifliall 
add  fome  circumftances  which  were  obferved 
by  Dr.  Hales,  in  the  earthquake  at  London, 
on  March  the  8th,  1749,  as  tending  to 
ftrengthen  the  hypothefis  of  its  being  caufed 
by  eledricity ;  though  the  Dodor,  who  re- 
lates them,  thought  that  the  eledric  appear- 
ances were  only  occafioned  by  the  great  agita-  . 
tion  which  the  ele<^ric  fluid  was  put  into, 
by  the  fliock  of  fo  great  a  mafs  of  the 
earth. 

At  the  time  of  the  earthquake,  about 
twenty  minutes  before  fix  in  the  morning, 
tJieDoftor,  being  awake  in  bed,  on  a  ground 
floor,  at  a  houfe  near  the  church  of  St.  Mar- 

*  Pbil,  Tranf.  abridged,  Vol.  x.  p.  J26,  jj j.  aod  p.  ;4i> 
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lin's  in  the  Fields,  very  fenfibly  felt  his  bed' 
heave,  and  heard  an  obfcure  rufliing  noife  in 
the  houfe,  which  ended  in  a  loud  explofioii 
pp  in  the  air,  Hke  that  of  a.  fmall  cannon, 
The  whole  duration,  from  the  beginning  tq 
the  end,  feeming  to  he  about  four  fcfonds. 

This  great  noife,  the  Dofiitpr  conjeiSured, 
was  owing  to  the  rufliing,  or  fudden  expan-? 
fion  of  the  elediric  fluid  at  the  top  of  St.  Mar- 
tin's fpire,  where  all  the  eleiSric  effluvia, 
which  afcended  along  the  large  body  of  the 
tower,  being  ftrongly  condenfed,  and  acce- 
lerated at  tl^e  point  of  the  weathercock,  a{; 
they  ruflied  off,  made  fo  much  the  louder  ex- 
panfive  explofion. 

The  Doftor  farther  faya,  that  the  foldiers, 
who  were  upon  duty  in  St.  James's  park,  an4 
other  perfons  who  were  then  up,  faw  a^ 
blackilh  cloud,  and  a  confiderahle  lightning, 
juft  before  the  earthquake  began  *, 

Mr.  Hartman  i?  of  opinion  that  elec- 
tricity 19  the  caufe  of  earthquakes,  and  gives 
a  fucciqd  enumeration  of  all  the  cir(:umjbnce4 
which  favour  this  hypothefist- 

My  reader,  who  has  feen  to  how  great-an 
extent  Signior  Beccaria  has  already  carried  the 
principles  of  eleflricity,  will  have  no  doub? 
but  that  he  fuppofes  earthquakes  to  be  derived 
from  that  caufe.  And  indeed,  without  any 
knowledge  of  what  Dr.  Stukeley  had  done,  he 
4id  fuppofe  them  to  be  eledricat  phenoQiena  ^ 
f)ut,  contrary  to   the  Do£l:or,  imagined  the 

*.  Phil.  Tmf.  ibndged.  Vol.  X.  p.  540,  541, 
-^  Abhandlung,  p,  ^S. 
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'de£tric  matter  which  •occafioned  them  to  be 
lodged  deep  in  the  bowels  of  the  earth,  agree- 
able to  his  hj'pothefis  coaceraing  the  origia 
of  lightning. 

It  ie  certain  that  if  Signior  Beccaria^s  ac- 
count of  the  origin  of  thunder  clouds  be  ad- 
mitted, there  wiU  be  little  di&cultj  in  admit- 
ting farther,  that  earthquakes  are  to  be  reckon- 
ed among  theeflfe'S*  of  cledricity,.  For  if  the 
equiiibrium  of  the  eleftric  matter  can,  by  any 
means,  be  loft  in  the  bowels  of  the  earth;  io- 
that  the  beft  method  of  reftoriag  it  (hall  be  by 
the  fluid  bur&ing  its  way  into  the  air,  and 
traverfing  fereral  miles  of  the  atmofphere  to  ' 
«orae  to  the  place  where  it  is  wanted ;  it  may 
eafily  be  imagined,  that  Ti(^ent  concuffions 
may  be  given  to  the  earth,  by  the  fudden  paf- 
fage  of  this"  powerful  agent.  And  feveral  cir- 
cumftances  attending  earthquakes  he  thought 
rendered  this  hypothefis  by  no  means  im- 
probable: * 

VoLCANOs  are  known  to  have  a  near  con- 
nedlion  with  earthquakes ;  and  flalhes  ai 
light,  exactly  refembling  lightning,  have  fre- 
quently been  feen  to  ruih  from  the  top  of 
Mount  Vefuvius,  at  the  time  that  aflies  and 
other  light  matter  have  been  carried  out  of  it 
into  the  air,  and  been  difperfcd  uniformly 
over  a  large  traS  of  country.  Of  thefe  he 
produces  a  great  number  of  loftances,  from 
the  beft  authority  *. 

*  Lcitere  deir  elettricirmo,  p.si6.  361,  &c. 
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A  RUMBLING  noife,  like  thunder,  is  gene-* 
rally  heard  during  an  earthquakcT  At  fuch 
times,  alfo,  flafhes  of  light  have  been  feen  rif- 
ing  out  of  the  ground,  and  darting  up  into 
the  air.  Real  lightning  hath  fometimes  occa- 
fioned  fmall  fhakings  of  the  earth,  at  lead  has 
been  attended  by  them.  But  the  ftrongeft  cir- 
cumftance  of  refemblance  which  he  obferved 
is  the  fame  that  Dr.  Stukcley  lays  fo  much 
ftrefs  on,  viz.  the  amazing  fwiftnefs  with 
which  the  earth  is  ihaken  in  earthquakes. 
An  earthquake,  fays  he,  is  by  no  means  a 
gradual  heaving,  as  we  might  have  expe£):ed 
from  other  caufes,  but  an  inftantaneous  con- 
cuflion,  fo  that  the  fluidity  of  the  water  is  no 
fecurity  againft  the  blow.  The  very  fliips,  " 
many  leagues  off  the  coaft,  feel  as  if  they 
ftruck  againft  a  rock. 

This  admirable  philofopheri  having  imi- 
tated all  the  great  phenomena  of  natural  elec- 
tricity in  his  own  room,  doth  not  let  the 
earthquake  efcape  him.  He  fays,  that  if  two 
pieces  of  glafs,  inclofing  a  thin  piece  of  me- 
tal, be  held  in  the  hand,  while  a  large  ihock 
is  fcnt  through  them,  a  ftrong  vibration,  or 
concuflion  will  be  felt ;  which  fometimes,  as 
in  Dr.  Franklin's  experiments,  breaks  them  to 
pieces. 

SiGNioR  Beccaria  thinks,  that  there  are 
traces  of  eledrical  operations  in  the  earth- 
quake, that  happened  at  Julian's  attempt  to 
rebuild  the  temple  of  Jerufalem  *. 

*  Leticre  dell'  dettrkirmo,  p.  jfij. 

That 
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That  the  ele£tric  fluid  is  fometimes  eol* 
leQied  in  the  bowels  of  the  earth,  he  thought 
was  probable  from  the  appearance  of  ignes 
Jatui-  in  mines,  which  fometimes  happens, 
and  is  very  probably  an  eleftiical  pheno- 
menon *. 

Which  of  theft  two  philofophers  have  ad- 
vanced the  more  probable  opinion  concerning 
the  feat  of  the  eledlric  matter ,  which  occafions 
earthquakes,  I  fhall  not  pretend  to  decide.  I 
ihall  only  pbferve  that,  perhaps,  a  more  pro- 
bable general  hypothefis  than  either  of  them 
may  be  formed  out  of  them  both.  Suppofe 
the  electric  matter  to  be,  feme  way  or  other, 
accumulated  on  one  part  of  the  furface  of  the 
earth,  and,  on  account  of  the  drynefs  of  the 
feafon,  not  eafily  to  diffufe  itfelf ;  it  may,  as 
Signior  Beccaria  fuppofes,  force  itfelf  a  way 
into  the  higher  regions  of  the  air,  forming 
clouds  in  its  paflage  out  of  the  yapours  which 
float  in  the  atmofphere,  and  occafion  a  fud- 
den  ihower,  which  may  farther  promote  the 
paflage  of  the  fluid.  The  whole  furface,  thus 
unloaded,  will  receive  a  concuflion,  like  any 
other  conducing  fubftance  on  parting  with,  or 
receiving  a  quantity  of  the  eledric  fluid.  The 
rufliing  noife  will,  likewife,  fweep  over  the 
whole  extent  of  the  country.  And,  upon 
this  fuppofition,  alfo,  the  fluid,  in  its  dlf- 
charge  frqm  the  country,  will  naturally  fol- 
low the  courfe  of  the  rivers,  and  alfo  take  the 

*  Deir  electricirmD  artificials  e  naiurale,  p.  iij- 
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^advintage  of  any  eminences,  to  facilitate 
its  a&ent  into  the  higher  regions  of  the 
air. 

I  SHALL  clofe  this  account  of  the  thcwy  of 
lightning  and  other  phenomena  of  the  atmo- 
fpherCj  with  an  enumeration  of  the  principal 
appearance*  of  natural  eleftricity  obfCTTed  by 
the  ancients,  and  which  were  never  under* 
flood  before  the  difcovery  of  Dr.  Franklin.  It 
will  be  very  cafy  for  me  to  do  this,  as  I  find 
them  already  coUe&ed  to  my  hands  by  De. 
Watfon  •. 

A  LUMINOUS  appearance,  which  muft  have 
been  of  an  eledrical  nature,  is  mentioned  by 
Plutarch  in  his  life  of  Ly&nder,  He  coa- 
fidered  it  as  a.raeteor. 

Pliny,  in  his  fecond  book  of  NaturU 
Hillory,  calls  thofe  appearances  Jiars^  and 
tells  us,  that  they  fettled  not  only  upon  the 
mails,  and  other  parts  of  {hips,  but  alfo'  upon  . 
men's  heads.  Exfijiunt.,  fays  that  hiftorian, 
_/?<•//<?  et  in  mart  terrifque.  Vidi  noSlurnis  mi- 
litum  vigiliis  inharere  pUis  pro  vollo  fulgorem 
effigie  ea :  et  antennu  ■ndvigantium  alnfque  na- 
vium  partibus^  ceu  •oocoti  quodamfonoinfijiunty 
ut  valuer ts^  fedem  ex  fede  tnutantes.—~—Ge~ 
mina  autem  falutares  et  pro/peri  eurfus  pra- 
nuncia ;  quarum  adventUyfugari  diram  illam  ac 
minacem  appeilafamque  Helenamferunt.  Et  eb 
id  Polhici  et  Cajiort  id  numen  affignanty  eofque 
in  mart  deot  invQcant.  Heminum  quoque  c«piti 
vej^ertinis  horis,  magna  prafagio  ctrcumjulgent' 

*  PWl,  Trttf.  Vffl.  xlTJii.  pt.  i.  p.  aio. 
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But*  ad4s  he*  thde  things  are  incerja  rationt 
(t  in  natura  majefiate  abdita* 

"  Stars  make  their  appearance  b(^  at 
land  and  fea.  I  have  feen  a  light  in  that 
form  on  the  fpears  of  foldiers,  keeping 
watch  by  night  upon  the  ramparts.  They 
are  feea  alfo  on  the  fail-yards,  an4  other 
parts  of  fhips,  making  an  audible  found* 
and  frequently  changing  their  places.  -  Two 
of  thefe  lights  forebode  good  weather,  and 
a  profperous  voyage ;  and  drive  away  one 
that  appears  fingle,  and  wears  a  threatening 
afped.  This  die  failors  call  Helen»  but 
the  tieo  they  call  Caftor  and  Polliix,  and 
invoke  them  as  Gods.  Thefe  lights  do 
fometimes,  about  the  evening,  reft  on 
men*s  heads,  and  are  a  great  and  good 
omen.  But  thefe  are  among  the  awful 
myfteriea  of  nature." 

Seneca  in  bis  Natural  Queflions,  -chap.  i. 
takes  notice  of  the  fame  phenomenon.  Gylip' 
fOy  Syracufas  petenti  vifa  tft  Jlella  fupra  ipjam 
Idncem  conjiitije^  In  Romanorum  cafiris  vifa 
funt  ardere  pil&i  ignibus  JcUicet  in  illis  det 
"lapjs. 

"  A  STAK  fettled  on  the  lance  of  Gylip* 
t'  pus,  as  he  was  failing  to  Syracufe:  and 
^*  fpears  have  feemed  to  ije  on  fire  in  the  Ro- 
"  man  camp.** 

In  Caeiar,  de  Bello  Africano,  cap.  vi,  edit 
Amftel.  1686,  we  find  them  attending  a 
violent  ftorm.  Per  id  tempus  fere  Cafaris 
(}(ercitui  ref  aqctdit  incredibilis  auditu ;  nempe 

Vir^ 
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Virgiliarum  _figno  onfeBoy  circiter  •oigiHa  Je- 
cunda  noSiiSi  nimbus  cum  faxea  grandine  fuhito 
eft  coirtus  wgens.     Eadem  noSie  legionis  V.  pi- 
lorum  cacumina  fua  fpohte  arferunt. 

"  About  that  time,  there  was  a  very  extra- 
"  ordinary  appearance  in  the  army  of  Caefar- 
**  In  the  month  of  February,  about  the  fecond 
*'  watch  of  the  night,  there  fuddenly  arofe  a 
"  thick  cloud,  followed  by  a  fhower  of  ftones  ; 
"  and  the  fame  night,  the  points  of  the 
**  fpears  belonging  to  the  fifth  legion  feemcd  ■ 
**  to  take  fire." 

LiVY,  cap.  xxxii.  mentions  two  fimilar 
fafts.  In  Sicilia  militibut  aliquot  fpicula.,  in 
Sardinia  muro  circumeunti  vigtlias  equiti,  fci- 
piomtRy  quern  in  manu  tenuerat,  ar/ijfe  -,  et  litora 
crebris  ignibux  fulfijj'e. 

*'  The  fpears  of  Ibme  foldiers  in  Sicily,  ■ 
**  and  a  walking-flick,  which  a  horfeman  ia 
.*'  Sardiaia  was  holding  in  his  hand,  feemed  to 
■**  be  on  fire.  The  fliores  were  alfo  luminous 
"  with  frequent  fires." 

These  appearances  are  called,  both  by  the 
French  and  Spaniards,  inhabiting  the  coafis 
of  the  Mediterranean,  St.  Helme's,  or  St, 
Telme*s  fires  ;  by  the  Italians  the  fires  of  St. 
Peter,  and  St.  Nicholas  ;  and  are  fre- 
quently taken  notice  of  by  the  writers  of - 
voyages. 

If    fome  late  accounts  from  France,  adds 

the  Dodoi-,  are  to  be  depended  upon,  this 

phenomenon  has    been   obferved  at   Plauzet 

for  time  immemorial,  and  Mr.  Binon,  the 

Cure 
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Cur^  of  the  place  fays,  that  for  twenty-fevca 
years,  which  he  has  reftded  there,  in  great 
flonns  accompanied  with  black  clouds,  and 
frequent  lightning,  the  three  pointed  extre- 
mities of  the  of  the  crofs  of  the  fteeple  d 
that  place  appeared  furrounded  with  a  body 
of  flame ;  and  that  when  this  phenome- 
non has  been  feen*  the  ildrm  was  no  longer 
to  be  dreaded,  and  calm  weather  returned 
foon  after. 

Modern  hi(bry  furnifhes  a  great  num- 
'  ber  of  examples  of  flames  appearing  at  the 
extremities  of  pointed  metallic  bodies  pro- 
je&ing  into  the  air.  little  notice  was  taken 
of  thefe,  while  the  caufe  of  them  was  un- 
known; but  fince  th^ir  near  affinity  with 
lightning  has  been  difcovered,  they  have  been 
more  attended  to,  and  colle<^ed. 


SECTION 
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SECTION      XUL 

Observations  on  the  U9E  of  METALLIC 
CONDUCTORS  to  secure  buildings* 

&C.  FROM  THE  EFFECTS  OF  LIGHTNING. 

THE  former  felons  of  this  period  relate 
chiefly  to  the  theory  of  eleOricity.  la 
the  two  next  I  (hall  confider  what  has  been 
done  towards  reducing  this  icience  into  prac 
tice.  And,  in  the  firft  place,  I  fhall  recite 
the  obfervations  that  have  been  made  rcfoeft- 
ing  the  ufc  of  metallic  condudors,  to  fecure 
buildings  from  lightning,  as  having  the  neareft 
connexion  with  the  fubjed  of  the  fc^ions  im-* 
mediately  preceding. 

Ds. Franklin's  propoflll  to preferve  build- 
ings from  the  dreadful  effeds  of  lightning 
was  by  no  means  a  matter  of  mere  theory4 
Several  ftriking  fa^s,  which  occurred  within 
the  period  of  which  I-am  treating,  demonArate 
its  utility. 

Innumerable  obfervations  Ihow  how 
readily  metallic  rods  aftually  condudl  light- 
ning, and  how  fmall  a  fubftance  of  metal  is 
fufficient  to  difcharge  great  quantities  of  it* 
Mr.  Calendrini,  who  afterwards  applied  to 
Dr.  Watfon,  to  be  informed  of  the  beil  me- 
thods of  fecuring  powder  magazines,  fays  that 
he  himfclf  was  an  cye-witncfs  of  the  effeO.  of 
a  flafli  of  lightning,  where  he  obferved  it  ha4 
firuck  the.  wire  of  a  bell,  and  had  been  com- 
pletely 

n,,jNjH,j-vGl>(.5'^le    • 


MEtAlXIC  CONDUCTORS.      463 

^etely  conduced  by  it,  from  one  room  cf  a 
houfe  to  another,  through  a  very  finall  hole  in 
the  partition.  This  obferTation  was  prior  to 
the  difcoTcries  of  Dr.  Franklin,  but  was  rccol* 
le^ed  and  recorded  afterwards  *. 

Dr.  Franklin  himfelf,  in  a  letter  to  Mr. 
Dalibard,  dated  Philadelphia,  June  the  29th9 
'755»  willing  what  had  been  fhown  him  of 
the  tSe£t9  of  lightning  on  the  church  of 
Newbury  in  New  England,  obferves,  that  a 
wire  not  bigger  than  a  common  knitting 
needle,  did  in  fa^  conduS;  a  flafli  c^  light- 
ning, without  injuring  any  part  of  the  build- 
ing as  ^  as  it  went,  though  the  force  of  it< 
was  ip  great,  that  from  the  terminatioa  of  the 
wire  dowa  to  the  ground,  the  fteeple  was  ex- 
ceedingly rent  and  damaged,  fome  of  the 
.  fiones,  even  in  the  foundation,  beibg  tonk 
out,  and  thrown  to  the  diftance  of  twenty  or 
thirty  feet.  No  part  of  the  wire,  however, 
could  be  foupd,  except  about  two  inches  at 
each  extremity,  the  reft  being  exploded,  and 
its  particles  difiipated  in  fmoke  and  air,  as  the 
Dodtor  fays,  lilo;  gunpowder  by  a  common 
fire.  It  had  only  left  a  black,  fmutty  track 
upon  th^  plaifter  of  the  wall  along  which  it 
ran,  three  ot  four  inches  broad,  ^darkeft  in 
the  middle,  and  fainter  towards  the  edges. 
From  the  circumftances  of  this  faift  it  was  rery 
evident,  that,  had  the  wire  been  continu^ 
to  the  foot  of  the  building,  the  wfiole  fhock 
would  have  been  conduced  without  the  leaft 

*  Phil.  Trur,  VoL  lir.  pt.  k  p.  203. 
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injury  to  it,  though  the  wire  would  have  been 
dcftroyed  *. 

But  the  moft  complete  demonftration  of 
the  real  ufe  of  Dr.  Franklin's  method  of  fe- 
curing  buildings  from  the  eSeds  of  lightningt 
is  Mr.  Kinneriley's  account  of  what  happen- 
ed to  the  houfe  of  Mr.  Weft,  a  merchant  of 
Philadelphia  in  Penfilvania,  which  was  guard- 
ed by .  an  apparatus  conftruded  according  to 
the  diredions  of  Dr.  Franklin.  It  coniifted 
of  an  iron  rod,  which  extended  about  nine 
feet  and  an  half  above  a  flack  of  chimnies,  to 
which  it  was  fixed.  It  was  more  than  half  an 
inch  in  diameter  in  the  thickest  part,  and  went 
tapering  to  the  upper  end,  in  which  there  was 
a  hole  that  received  a  brafs  wire  about  three 
lines  thick  and  ten  inches  long,  terminating 
in  a  very  acute  point :  the  lower  part  of  the 
apparatus  joined  to  an  iron  fUke,  driven  four 
or  five  feet  into  the  ground. 

Mr.  West  judging,  by  the  dreadful  fiaih 
of  lightning  and  inllant  crack  of  thunder,  that 
the  condudor  had  been  ftruck,  got  it  examin- 
ed; when  it  appeared,  that  the  top  of  the 
pointed  rod  was  melted,  and  the  fmall  brafs 
wire  reduced  to  feven  inches  and  a  half  ia 
length,  with  its  top  very  blunt.  The  flcndereft 
part  of  the  wire  he  fufpeded,  had  been  diffi- 
pated  in  finoke ;  but  fome  of  it,  where  the 
wire  was  a  little  thicker,  being  only  melted 
by  the  lightning,  funk  down  (while  in  a  fluid 
ftate)  and  formed  a  rough  irregular  cap,  lower 

•  Phil.  Ttanf.  Vol-xlix.  pi.  1.  p.  309. 
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on  one  fide  th»n  on  the  other,  round  th^ 
Upper  end  of  what  remained,  and  became  in- 
timately united  with  it.  It  is  remarkablei 
that,  nolwithftanding  the  iron  ftake,  in  which 
the  apparatus  terminated,  was  driven  three 
or  four  feet  into  the  ground,  yet  the  earth  did 
not  condu£t  the  lightning  fo  faft,  but  that,  in 
thunder  ftorms  the  lightning  would  be  feeti 
difFufed  near  the  ftake  two  or  three  yards  6ver 
the  pavement,  though  at  that  time  very  wet 
with  rain  *. 

In  order  to  fecure  flilps  frorn  fuftaining  da- 
mage by  lightning,  Dr.  Watfon,  in  a  letter  ' 
to  Lord  Anfon,  read  at  the  Royal  Society,  De- 
cember the  16th,  1762,  advifes,  that  a  rod  of 
copper,  about  the  thicknefs  of  a  goofe  quill, 
be  conneded  with  the  fpindles  and  iron  work 
of  the  maft ;  and,  being  continued  down  to 
the  deck,  be  from  thence,  in  ahy  convenient 
diredion,  fo  difpofed»  as  always  to  touch  the 
fea  water  f. 

With  refpeft  to  powder  magazines,  Dr. 
Watfon  advifed  Mr.  Calandrini  above  men- 
tioned, that  the  apparatus  to  condiifl:'  the 
lightning  from  them  be  detached  from  the 
buildings  themfelves,  and  conveyed  to  the 
next  watdr. 

What  lately  happened  to  St.  Bride's 
church  in  London  is  a  fufEcient  proof  of  the 
utility  of  metallic  conduftors  for  lightning. 
Dr.  Watfon,  who  publiflied  an  account  of  this 
fa£t  in  the  Philofophical  Tranfaftions,  ob- 

•  Phil.  TranC  Vol.  Hii.  pt.  i.  p.  9^. 
t  Ibid.  Vol.  lii.  pt.  i.  p.  633. 
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ferves,  that  the  lightning  firft  took  a  weatRer— 
cock,  which  was  fixed  at  the  top  of  the 
fteeple ;  and  was  condmSed  without  injuring^ 
the  metal,  br  any  thing  elfe,  as  low  as  where 

.  the  large  iron  bar  or  fpindle  which  fupported 
it  {and  which  caihe  down  feveral  feet  into  the 
top  of  the  fteeple)  terminated.  There,  the 
metallic  communication  ceafmg,  part  of  the 
lightning  exploded,  cracked,  and  ftiattered 
the  obeliflc,  which  terminated  the  fpire  of  the 
fteeple,  in  its  whole  diameter,  and  threw  off 
at  that  place  feveral  large  pieces  of  Portland 
flone,  of  which  the  fteeple  was  built.  Here 
it  likewife  removed  a  ftone  from  its  place,  but 
not  far  enough  to  be  thrown  down.  From 
thence  the  lightning  feemed  to  have  rufhed 
upon  two  horizontal  iron  bars,  which  were 
placed  within  the  building  crofs  each  other,  to 
give  additional  ftrength  to  the  obelifk,  almoft 
at  the  bafe  of  it,  and  not  much  above  the  uppeF 
•ftory/  At  the  end  of  one  of  thefe  iron  bars, 
on  the  Eaft  and  North-Eaft  fide,  it  exploded 
again,  and  threw  off  a  confiderable  xjuantity 
of  ftone.  Almoft  all  the  damage  done  to  the- 
fteeple,  except  near  the  top,  was  confined- 
to  the  Eaft  and  North-Eaft  fide,  and  general- 
ly, where  the  ends  of  the  iron  bars  had  been, 
inferted  into  the  ftone,  or  placed  under  it ;  and, 
in  fome  places,  by  its  violence  in  the  ftone^ 
its  pafTage  might  be  traced  from  one  iron  bar 
to  another. 

It  is  very  remarkable,  that,  to  lefl"en  the 

.  quantity  of  ftone   in   this  beautiful  fteeple, 

cramps  of  iron  had  beea  employed  in  feveral 

partft 
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parts  of  it  ;  and  upon  thefe,  ftones  pf  no 
great  thicfcnefs  had  been  placed,'  both  by  way 
of  ornament,  and  to  cover  the  cramped  joint.  ■ 
In  feveral  places  thefe  ftones  had,  on  account 
of  their  covering  the  iron,  been  quite  blown 
off,  and  thrown  away.  A  great  number  of 
ftones,  forneof  them  large  ones,  were  thrown 
from  the  flceple,  three  of  which  fell  upon 
the  roof  of  the  church,  and  did  great  damage 
to  it ;  and  one  of  them  broke  through  the 
large  timbers  which  formed  the  roof,  and 
lodged  in  the  gallery,    . 

Upon  the  whole,  the  fleeple  was  found, 
on  a  furvcy,  to  be  fo  much  damaged  in  feve- 
ral of  its  parts,  that  eighty-five  feet  were 
taken  down,  in  order  to  reftore  it  fubftantial- 
ly ;  and  the  manner  in  which  this  ftecple 
was  damaged  completely  indicated,  as  Dr. 
Watfon  obfcrves,  the  great  danger  of  infulat- 
cd  mafies  of  metal  from  lightning  ;  and,-  on 
the  contrary,  evinced  the  utility  and  impor- 
tance of  mafles  of  metal  continued,  and  pro- 
perly condu<Sed,  in  defending  them  from  its 
direful  effeds.  The  iron  and  lead  employed  ■ 
in  this  fteeple,  in  order  to  ftrengthen  and  pre- 
ferve  it,  did  almoft  oecafion  its  deftrudlon  ; 
though,  after  it  was  ftruck  by  the  lightning, 
had  it  not  been  for  thefe  materials  keeping  the 
remaining  parts  together,  a  great  part  of  the 
fteeple  muft  have  fallen. 

This   building  fuffered   the  more,  on  ac- 
count of  the  thunder  ftorm  having  been  pre- 
ceded   by   feveral   very   warm    days.      The 
nights  had  fcarce  furniihed  any  dew,*  the  air 
II  h  2  was 
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was  qyite  dry,  and  in  a  ftate  perfeftly  unfit" 
to  part  with  its  highly  accumulated  eleflricity, 
without  violent  efforts.  This  great  drynefs- 
had  made  the  ftones  of  St.  Bride's  fteeplc, 
and  all  other  buildings  under  the  like  circum- 
ftances,  far  lei's  fit,  than  if  they  had  been  ia 
a  moift  ftatc,  to  conduit  the  lightning,  and 
prevent  the  raifchief.  For,  though  the  thunder 
ftorm  ended  in  a  heavy  fhower  of  rain,  none, 
except  a  few  very  large  drops,  fell  till  after 
the  church  was  Itruck.  And  Dr.  Watfon  had 
no  doubt,  but  that  the  fucceeding  rain  pre- 
vented many  accidents  of  a  fimilar  kind,  by 
bringing  down,  with  every  drop  of  it,  part  of 
the  eledric  matter,  and  thereby  reftoring  the 
equilibrium  betweeu  the  earth  and  clouds. 

It  Is  frequently  obferved,  he  fays,  that,  in 
attending  to  the  apparatus  for  coUedting  the 
cleQricity  of  the  clouds,  though  the  fky  is 
much  darkened,  and  there  have  been  fcveral 
claps  of  thunder,  at  no  great  diftance,  yet 
the  apparatus  will  fcarcely  be  affeQed  by  it  t 
but  that,  as  foon  as  the  rain  begins  and  falls 
upon  fo  much  of  the  apparatus  as  is  placed  ia 
the  open  air,  the  bells  belonging  to  it  will 
ring,  and  the  eledtrical  fnaps  fucceed  each, 
other  in  a  very  extraordinary  manner.  This, 
as  he  obferves,  demonftrates,  that  every  drop 
of  rain  brings  down  part  of  the  ete£lric  mat- 
ter of  a  thunder  cloud  and  dlffipates  it  in  the 
earth  and  water,  thereby  preventing  the  mlf- 
chiefs  of  its  violent  and  fudden  explofion. 
Hence  whentlie  heavens  have  a  menacing  ap- 
pearance, a  fhower  of  rain  is  much  to  be 
wiftied  for. 

FitOIA 
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From  all  thefe  confiderations.  Dr.  Watfon 
liad  no  doubt,  but  that  the  mifchief  done  to 
St.  Bride's  fteeple  was  owing  to  the  efforts  of 
the  lightning,  after  it  had  poiTeffed  the  appa- 
.ratus  of' the  weathercock,  endeavouring  to 
force  itfelf  a  paffagc  from  thence  to  the  iron 
"work  employed  in  the  fteeple.  As  this  muft 
be  done  per  /altum,  as  he  expreffes  it,  there 
being  no  regular  metallic  communication,  it 
was  no  wonder,  when  its  force  was  vehe- 
ment, that  it  rent  every  thing  which  was  not 
metallic  that  obftrufted  its  eafy  paffage ;  and 
that,  in  this  particular  inflance,  the  ravages 
Increafed,  as  the  lightning,  to  a  certain  dif- 
tance,  came  down  the  fteeple. 

The  Doctor  advifes  that,  in  order  to  have 
■ocular  demonftration  when  thefe  metallic  con- 
duftors  do  really  difcharge  the  lightning,  they 
be  difcontinued  for  an  inch  or  two,  in  fome 
place  convenient  for  obfervation;  in  which 
cafe  the  fire  will  be  feen  to  jump  from  one  ex- 
tremity of  the  wire  to  the  other.  If  any  dan- 
ger be  apprehended  from  this  difcontinuancc 
of  the  metallic  conduiSor,  he  fays  that  a  loofe 
chain  may  be  ready  to  hang  on,  and  com- 
plete the  communication  *. 

Mr.  Del  aval,  who  alfo  gives  an  account 
of  the  fame  accident,  obferved,  that,  in  every 
part  of  the  building  that  was  dq,"maged,  the 
lightning  had  aded  as  an  elaftfc  fluid,  en- 
deavouring to  expand  itfelf  where  it  was  ac- 
cumulated in  the  metal ;  and  that  the  effeds 

•  Pli;I.  Trwif.  Vol.  liv.  p.  joi,  Ac. 
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were  exa^ly  fimilar  to  thofe  which  would 
liave  been  produced  by  punpowder  pent  up  iii 
the  fame  places,  and  exploded. 

In  the  fame  paper  Mr.  Delaval  gives  it  as 
hie  opinion,  that  a  wire,  or  very  fmull  rod  of 
metal,  did  n  .t  feem  to  have  been  a  canal  fuf- 
ficiently  large  to  conduit  fo  greata  quantity 
of  lightning  as  ftruck  this  fteeple;  efpecially 
if  any  part  of  it,  or  of  the  metal  communi- 
cating with  it,  was  Inclofed  in  the  ftone  work, 
in  which  cafe,  bethought,  the  application  of 
it  would  tend  to  increafe  its  bad  effeifls,  by 
conducing  it  to  parts  of  the  building  which  it 
might  bthcrwife  not  have  reached. 

Upon  the  whole,  he  thought  that  a  con- 
dudor  of  metal,  lefs  than  fix  or  eight  inches 
in  breadth,  and  a  quarter  of  an  inch  in  thick- 
nefs  (or  an  equal  quantity  of  m,etal  in  any 
other  form  that  might  be  found  more  con-  - 
venient)  cannot  with  fafety  be  depended  on, 
where  buildings  are  expofed  to  the  reception 
of  a  great  quantity  of  lightning  *. 

M-'<.  Wilson,  in  a  paper  written  upon  the 
fame  occafion,  advifes,  that  pointed  bars  or 
rods  of  metal  be  avoided  in  all  conductors  of 
lightning. 

As  the  lightning,  he  fays,  muft  vifit  us 
fome  way  or  other,  from  neceffity,  there  can 
be  no  reafon  to  invite  -it  at  all ;  but,  on  the 
contrary,  when  it  happens  to  attack  our 
buildings,  wc  ought  only  fo  to  contrive  our 
apparatus,  as  to  be  able  to  carry  the  lightning 

•  Phil.  Tranr.  Vol.  liv.  p.  2.-4. 
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■away  again,  by  fuch  fuitable  conductors,  as 
will  very  little,  if  at  all,  promote  any  increafa 
of  its  quantity. 

To  attain  this  dcfirable  end,  in  feme  de- 
gree at  leaft,  he  propofes,  that  the  feverdl 
buildings  remain  as  they  are  at  the  top ;  that 
is.  without  having  any  metal  above  them, 
cither  pointed  or  not,  by  way  of  conduftor ; 
but  that  on  the  infide  of  the  higheft  part  of 
the  building,  within  a  foot  or  two  of  the  top, 
a  rounded  bar  of  metal  be  fixed,  and  continu- 
ed down  along  the  fide  of  the  wall,  to  any  kind 
of  moifture  in  the  ground*, 

SiGNioRBECCARiAwhofeobfervations  and 
experience  with  refpedl  to  lightning  give  a 
weight  to  his  opinion  fuperior  to  that  of  any 
other  man  whatever,  feems  to  think  very  dif- 
ferently from  Mr.  Wilfon  on  this  fubjeff. 
He  fays  that  no  metallic  apparatus  can  attra6: 
more  lightning  than  it  can  conduft.  And  fo 
far  is  he  from  thinking  onecondudtor,  round- 
ed at  the  top,  and  a  foot  or  two  under  the 
roof  fufficient ;  that  if  the  building  be  of  any 
extent,  he.advifesto  have  feveral  of  the  ufual 
form;  that  is,  pointed,  and  higher  than  thq 
building.  One  conduftor  he  thought  fufEci- 
,cnt  for  one  tower,  fteeple,  or  fliip ;  but  he 
thought,  two  necefiiiry  for  the  wing  of  a  build- 
ing 20  feet  long,  one  at  each  extremity  4 
three  for  two  fuch  wings,  the  third  being  fix- 
ed in  the  middle;  and  four  for  a  fquare 
palace  of  the  feme  front,  one  at  each  corner  "f". 

•  Phil.  Tranf.  Vol,  Vtv.  p.  149. 
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Mv  readers,  at  a  diflance  from  London  will 
hardly  believe  me,  when  I  inform  them,  that 
the  elegant  fpire  which  has  been  the  fubjeft 
of  a  great  part  of  this  fe£lion,  and  which  has 
been  twice  damaged  by  lightning  {for  it  i& 
-  now  very  probable,  that  a  damage  it  received 
in  the  year  1750,  was  owing  to  the  fame  caufe) 
is  now  repaired,  without  any  metallic  con- 
duSor,  to  guard  it  in  cafe  of  a  third  ftroke. 

SECTION     XIV. 
Of    medical    ELECTRICITY 

TH  E  fubjea  of  medical  eledricity  falls 
almoft  wholly  within  the  period  of 
which  I  am  now  treating.  For,  though  feme 
etfedts  of  electricity  upon  animal  bodies  had 
been  noted  by  the  Abbe  Nollet,  and  a  few  dif- 
eafed  perfons  had  fald  they  had  received  bene- 
fit' from  being  ele£lrified ;  yet  very  little  had 
been  done  this  way,  and  phyficians  had  fcarce- 
ly  attended  to  it,  till  within  this  period; 
whereas  ele(3:ricity  is  now  become  a  confider- 
able  article  in  the  materia  medka. 

The  firft  account  I  have  met  with  of  the 
application  of  electricity  to  medical  purpofes 
is  of  Mr.  C.  Kratzenftein,  profeflbr  of  medi- 
cine at  Halle;  who,  in  the  year  1744,  cured 
a  woman  of  a  contracted  little  finger  in  a 
quarter  of  an  hour.  He  alfo  fo  far  relieved 
a  perfon  who  had  two  lame  fingers,  by  once 
elci^rifying  them,  that  he  could  play  upon 
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the  harplicord,  which  he  had  before  been  dif- 
abled  from  doing.  lie  alfu  obferved,  that  a 
man's  pulfe,  which  had  beat  eighty  in  a  fe- 
cond  before  he  was  eleiftvified,  immediately 
after  beat  eighty-eight,  and  was  prefently.  in- 
crcafed  to  ninety-fix  *. 

There  is,  another  celebrated  inftance  of 
the  cure  of  a  paify  before  this  period';  which 
is  that  performed  by  Mr.  Jallabert, '  profeflbr 
of  philofophy  and  mathematics  at  Geneva,  on 
a  lock-fmich  of  the  age  of  fifty-two  "f,  whofc 
right  arm  had  been  paralytic  fifteen  years,  oc- 
cafioned  by  a  blow  of  a  hammer.  He  was 
brought  to  Mr.  Jallabert  on  the  26th  of  De- 
cember 17+7,  and  was  almoft  completely 
cured  by  the  28th  of  February  1748.  In  this 
interval  he  was  frequently  electrified,  fparks 
being  taken  from  the  arm,  and  Ibmetimes  the 
eledtrig  (hock  fcnt  through  it  J.  Mr.  Jalla- 
bert's  own  account  of  this  cure  is  very  circurn- 
ftantial.  But  it  appears  from  the  Abb^  Nol- 
let's  account  of  his  fecond  journey  to  Italy, 
that  this  perfon  relapfed  to  the  condition  in 
which  Mr.  Jallabert  found  him  See  the 
French  tranflation  of  this  book,  vol.  ii. 
p.  396. 

The  report  of  this  cure  performed  at  Ge- 
neva engaged  Mr.  Sauvages  of  the  Academy 
,in  Montpelier  to  attempt  the  cure  of  paraly- 
tics, in  which  he  had  confiderable  fuccefs. 
In  one  cafe  it  occafioned  a  falivation,  and  in 

*  Dantzick  Memo'in,  Vol,  i.  p,  i^^. 
f  }»\l»btn'i  Bxpericncrs,  14.3.  ■ 
I  Hilloire,  pc.  iiL  p  36.  - 
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another  a  profufe  fweat.  Many  paralytics, 
however,  were  eledtrified  without  any  fuccefs. 
Indeed,  the  prodigious  concourfe  of  patients 
of  all  kinds,  which  the  report  of  thefe  cures 
brought  together,  was  fo  great,  that  few  of 
them  could  be  eletHirified,  except  very  imper- 
fectly. For  two  or  three  months  together, 
twenty  different  patients  were  eleiftrified  every 
<]ay.  It  is  not  furprifing  to  find,  that  the 
peighbouring  populace  confidered  ^hefe  cures 
as  an  affair  of  witchcraft,  and  that  the  opera- 
tors were  obliged  to  have  recourfe  to  their 
priefts  to  undeceive  them  *.  In  the  courfe  of 
thefe  experiments  it  was  found,  by  very  ac- 
curate obfervations  made  with  a  pendulum, 
that  eledrification  increafes  the  circulation  of 
the  blood  about  one  fixth. 

One  of  the  firft  who  attended  to  electricity 
in  a  medical  way  was  Dr.  Bohadtch  a  Bohe- 
mian ;  who,  in  a  treatife  upon  medical  elec- 
tricity, communicated  to  the  Royal  Society, 
gave  it  as  his  opinion,  after  the  refult  of  much 
experience,  that  of  all  dillcmpers  the  hemi- 
pl-gia  feemcd  to  be  the  moft  proper  objeCi:  of 
elc*£tricity.  He  alfo  thought  it  might  be  of 
ufc  in  intermitting  fevers  -|-. 

The  palfy  having  happened  to  be  the  firft 
diforder  in  which  cleCtricity  gave  relief,  there 
was  a  confiderable  number  of  cafes  publifhed 
pretty  early,  in  which  paralytics  were  faid  to 
have  found  benefit  from  this  new  method  of 
treatment.     In   the    year    1757.    Mr.  Patric 

•  Hifloire,  p.  97'.  t  Phil.  Traof.  Vol.  xUii.  p.  351. 
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Brydone  performed  a  complete  cure  of  a  hemi- 
plegia, and,  indeed,  an  almoll  univerfal  pa- 
ralytic afFedlion,  in  about  three  days.  The 
patient  was  a  woman,  aged  thirty-three,  and 
the  palfy  was  of  about  two  years  continu- 
ance •.  And  John  Godfrey  Teflce,  very  near- 
ly cured  a  young  man,  of  the  age  of  twenty, 
of  a  paralytic  arm,  of  which  he  had  not  Had 
the  lead  ufe  from  the  age  of  five  years  f- 

The  Abbe  Nollct's  experiments  upon  pa- 
ralytics had  no  permanent  good  effeft  J.  He 
obferves,  however,  that,  during  fifteen  or 
fixteen  years  that  he  hid  electrified  all  forts 
of  perfons,  he  had  known  no  one  bad  effeGt 
to  have  arrfen  from  it  to  any  of  them  §. 

Dr.  Hapt,  in  a  letter  to  Dr.  Watfon,  dat- 
ed Salop,  March  the  2cth,,  1756,  mentions  a 
cure  performed  by  eledlricity  upon  a  woman 
of  twenty-three  years  of  age,  whofe  hand  and 
wrift  had  for  fome  time  been  rendered  ufelefs 
by  a  violent  contradion  of  the  mufcles.  She 
was  not  fenfible  of  the  firft  fhock  that  was 
given  her ;  but,  as  the  fhocks  were  repeated, 
the  fenfation  increafed,  till  fhe  was  perfeftly 
well-  She  was  alfo  cured  a  fecond  time,  after 
a  relapfe  occafioned  by  a  cold  [j. 

Bu  r  perhaps  the  moft  remarkable  cafe  that 
has  yet  occurred  of  the  ufe  of  eleiSricity  in 
curing  a  diforder  of  this  kind,  and  indeed  of 
any  that  is  incident  to  the  human  body*  was 


•  Phll.Tranf.  Vol.1,  pt,  i.  p.  391. 

+  Ibid.  Vol   li.  pt.  i.  p.  1179. 

J  Hecherches,  p.  411.  ^  Ibid.  p.  416. 
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of  that  dreadful  diforder,  an  univerfal  tetamn^ 
It  is  related  by  Dr.  Watfoh  in  the  Philofophi- 
cal  Trani'atltions ;  and  the  account  was  read  at 
the  Royal  Society  the  loth  of  February  1763. 
The  patient  was  a  girl  belonging  to  the 
Foundling  hofpital,  about  fevcn  years  of  age, 
who  was  firft  feized  with  a  diforder  occafioned 
by  the  worms,  and  at  length  by  an  univerfal  ri- 
gidity of  her  mufcies ;  fo  that  her  whole  body 
felt  more  Uke  that  of  a  dead  animal  than  a 
living  one.  She  had  continued  in  this  difmal 
condition  above  a  month,  and  about  the 
middle  of  November  1762,  after  all  the  ufual 
jnedicines  had  failed,  Dr.  Watfon  began  to 
eleflrify  her;  and  continued  to  do  it  by  in- 
tervals, tillthe  end  of  January  following;  when 
every  mufcle  of  her  body  was  perfedly  flexible, 
and  fubfervient  to  her  will,  lb  that  ftie  could 
not  only  ftand  upright,  but  could  walk,  and 
cvco  run  like  other  children  of  her  age*. 

Dk.  Edward  Spry  relates  a  complete  cure 
which  he  made  of  a  locked  jaw  and  paralyfis, 
in  the  cafe  of  a  girl  of  eighteen  years  of  age. 
Small  fliocks  were  given  to  the  mufcies  par- 
ticularly aiFe£ted  f . 

That  eleftricity  may  hehgrtful,  and  even 
in  fome  i!:ares  in  which  analogy  would  lead  us 
to  promife  ourfelves  it  might  be  qf  ufe,  is 
evident  from  many  cafes,  and  particularly 
from  one  related  by  Dr.  Hart  of  Shrewfbury* 
in  a  letter  to  Dr.  Watfon,  which  was  read  at 
the  Royal  Society,  November  the  14th,   1754. 

•  Phil.  Tianf.  Vol.  Ilii.  p.  10.        f  '*»»«'•  Voi.  Wii.  p.  S8. 
A  YOUNG 

,,,. .Cot.j'^Ic 


ELECTRICITY.  477 

A  YOUNG  girl  about  fixteen,  whofe  riglit  arm 
was  paralytic,  and  greatly  wafled  in  compa- 
rlfon  of  the  other,  on  being  ele»ftrified  twice, 
became  imiverfally  paralytic,  and  remained  fo 
above  a  fortnight ;  when  the  new  palfy  was 
removed,  by  proper  medicines,  though  the 
firft  difeafed  arm  remained  as  before. 

However  Dr.  Hart,  not  with  ftanding  this 
bad  accident,  had  a  mind  to  try  eleftricity 
again.  The  girl  fubmitted  to  it,  but  after 
having  been  eleftrified  about  three  or  four 
days,  (he  became  a  fecond  time  univerfally 
paralytic,  and  even  loft  her  voice,  and  the 
ufe  of  her  tongue,  fo  that  it  was  with  great 
difficulty  fhe  could  fwallow.  She  was  re- 
lieved of  this  additional  palfy  a  fecond  time 
by  a  proper  courfe  of  medicines,  continued 
about  four  months  j  but  was  difeharged  out 
of  the  hofpital  as  incurable  of  her  firft  palfy. 
It  is  faid  tiiat  the  Dodor  would  have  tried 
electricity  a  third  time ;  but  the  girl,  being 
more  nearly  concerned  in  the  experiment 
than  her  phyfician,  thought  proper  to  decline 
it  *. 

Dr.  Franklin's  account  of  the  effeds  of 
eleftricity,  tn  tfte  manner  in  which  he  applied 
it,  is  by  no  means  favourable  to  its  ufe  in 
fuch  cafes.  He  fays,  in  a  letter  to  Sir  John 
Prlngle,  read  at  the  Royal  Society,  January 
the  1 2th,  1758,  that  fome  years  before,  when 
the  news-papers  made  mention  of  great  cures 
performed  in  Italy  and  Germany  by  eledri- 

•  Phil.  Trinf.  Vol.  xlviii.  pt.  ii.  p.  78S. 
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city,  a  number  of  paralytics  were  brought  to 
him,  from  difterent  parts  of  Penlilvania  and 
the  neighbouring  provinces,  to  be  electrified, 
and  that  he  performed  the  operation  ab  their 
requeft.  His  method  was,  firft  to  place  the 
patient  in  a  chair,  or  upon  an  elefHrical  ftool, 
and  draw  a  number  of  large  ftrong  fparks 
from  all  parts  of  the  afTeCted  limb  or  fide. 
He  then  fully  charged  two  fix-gallon  glafs 
jars,  and  fent  the  united  fiiock  of  them 
through  the  affected  limb  or  limbs,  repeat- 
ing the  flroke  commonly  three  times  each 
day. 

The  firft  thing  he  obferved  was  an  imme- 
diate greater  fenfible  warmth-in  the  afi^efled 
limbs,  which  had  received  the  ftroke,  than  in 
the  others ;  and  the  next  morning  the  patients 
ufually  faid,  that,  in  the  night,  they  had  felt 
a  prickling  fenfation  in  the  flefli  of  the  para- 
lytic limbs;  and  would  fometimes  {how  a 
number  of  fmall  red  fpots,  which  they  fup- 
pofed  were  occafioned  by  thofe  prickings. 
The  limbs  too  were  found  more  capable  of 
voluntary  motion,  and  feemed  to  receive 
ftrength.  A  man,  for  inftance,  who  could 
not,  the  firft  day,  lift  his  lamt  hand  from  off  - 
his  knee,  would  the  next  day  raife  it  four  or 
five  inches  ;  the  third  day  higher;  and  on  the 
fifth  was  able,  but  with  a  feeble  languid  mo- 
tion, to  take  off  his  hat.  Thefe  appearances, 
the  Dodor  fays,  gave  great  fpirits  to  the  pa- 
tients, and  made  them  hope  for  a  perfeQ; 
cure  ;  but  he  did  nOt  remepiber  that  he  ever 
(aw  any  amendment  after  the  fifth  day ;  which 
a  the 
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the  patients  perceiving,  and  finding  the  fhocks 
pretty  fevere,  became  difcouraged,  went 
home,  and  in  a  fliort  time  relapfed ;  fo  that 
he  never  knew  any  permanent  advantage  from 
ele^ricity  in  palfies. 

Perhaps,  fays  he,  fome  permanent  ad- 
vantage might  be  obtained,  if  the  electric 
fliocks  had  been  accompaiiied  with' proper 
medicine  and  regimen,  under  the  direftion  of 
a  fkilful  phyfician.  He  thought  too,  that 
many  fmall  fhocks  might  have  been  more 
proper  than  the  few  great  ones  which  he  ■ 
gavej.fince,  in  an  account  from  Scotland,  a 
cafe  was  mentioned  in  which  200  ftiocks  from 
a  phial  were  given  daily,  and  a  perfeit  cure 
had  been  made  •- 

That  there  is  an  intimate  connexion  be- 
tween the  ftate  of  electricity  in  the  air  and  the 
human  body,  is  evident  from  feveral  fa£ts, 
particularly  a  very  remarkable  one  related  by 
the  Abbe  Mazeas,  in  a  letter  to  Dr.  Hales. 
He  was  electrifying  a  perfon  who  was  fubjedt 
to  epileptic  fits,  by  his  apparatus  to  make  ob- 
iervations  upon  the  elcftricity  of  the  common 
atmofphere.  At  firft  this  perfon  bore  the 
fparks  v^ry  well,  but  in  two  or  three  minutes 
the  Abbe,  perceiving  his  countenance  to 
change,  begged  he  would  retire,  left  any  acci- 
dent fliould  happen ;  and  he  was  no  fooner  re- 
turned home,  than  his  fehfes  failed  him,  and 
he  was  feized  with  a  moll  violent  fit.  His- 
convulfions  were   taken  off  with  fpirits  of 
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hartlhorn,  but  his  reafon  did  not  return  In  an 
hour  and  an  half.  He  went  up  and  down 
the  flairs  lilce  one  who  walks  in  his  fleep, 
without  fpeaking  to,  or  knowing  any  perfon, 
fettling  his  papers,  taking  fnufF,  and  offering 
chairs  to  all  who  came  in.  When  he  was 
fpoken  to,  he  pronounced  inarticulate  words, 
which  had  no  conne«5lion. 

When  this  poor  man  recovered  his  reafon, 
befell  into  another  fit;  and  his  friends  told 
the  Abbe,  he  was  more  afFedted  with  that 
diftemper  when  it  thundered  than  at  any  other 
time;  and  if  it  ever  happened,  which  it  rare- 
ly did,  that  he  then  efcaped,  his  eyes,  his 
countenance,  and  the  confufion  of  his  expret- 
fions,  fufficiently  demonftrated  the  weaknefs 
of  his  reafon.    - 

The  next  day,  the  Abbs  learned  from  the 
perfon  himfelf,  that  the  fear  of  thunder  wa« 
not  the  caufe  of  his  difeafe ;  but  that,  how- 
ever, he  found  a  fatal  connexion  between 
that  phenomenon  and  his  diftemper.  He 
added,  that  when  the  fit  feized  him,  he  per- 
ceived a  vapour  rifing  in  his  hreaft,  with  fo 
much  rapidity,  that  he  loft  all  his  fenfes  be- 
fore he  could  call  for  help*. 

Mw.  Wilson  cured  a  woman  of  a-deafnefs 
of  feventeen  years  ftanding.  He  alfo  ob- 
ferves,  that  ihe  had  a  very  great  cold  when 
Ihe  began  to  be  eledrified ;  but  that  the  in- 
flammation ceafed  the  firft  time,  and  the  cold 
was  quite  gone  when  the  operation  had  been 
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performed  again  the  fecond  day.  But  he  ac- 
knowledges, that  he  had  tried  the  fame  expe- 
riment upon  fix  other  deaf  perfons  without 
any  fuccefs  *. 

The  fame  perfon  obferves,  that  one  gentle- 
man* near  fevehiy  years  old,  could  never  be 
made  to  receive  a  fiiock  except  in  his  wrifts. 
He  fays  that  he  himfelf  could  ofice  have  borne 
very  great  fliocks  without  inconvenience,  ,but 
that  he  could  not  bear  them  at  the  time  that 
he  wrote. 

Medical  eletSricity  is  very  rriudi  obliged 
to  the  labours  and  obfervations  of  Mr.  Lovet,- 
lay-clefk  of  the  cathedral  church  at  Wor- 
cefter,  who  has  for  many  years  been  indefa- 
tigable in  the  application  of  eleiftridty  to  a 
great  variety  of  difeafes.  His  fuccefs  has  been 
very  confiderable,*and  all  the  cafes  he  has 
publiflied  feem  to  be  yell  authenticated. 

According  to  Mr,  Lovet,  eleflricity  isal- 
moft  a  fpecific  in  all  cafes  of  violent  pains, 
of  however  long  continuance,  in  evefy  part 
of  the  body;  as  in  obftinate  head-achs,  the 
fciatica*  the  cramp,  and  diforders  refembling 
the  gout.  He  had  no  trials  of  the  proper 
gout,  but  only  on  ihofe  who  were  flightly 
attacked,  and  who  received  immediate  re- 
lief. 

The  tooth-ach,  he  Jays,  is  generally  cured 
inftantly,  and  he  fcarce  ever  remembered  any 
one  who  complained  of  its  raging  a  minute 
after  the  operation  f. 
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It  has  feldom  failed,  he  fays,  to  cure  ri- 
gidities, or  a  wafting  of  the  mufcles,  and 
hyfterical  diforders,  particularly  if  they  be  at- 
tended withcoldnefs  in  the  feet.  According 
to  him,  it  cures  inflammations,  it  has  flopped 
a  mortification,  cured  a  fiftula  lachrymalis> 
arid  difperfed  extravafated  blood  *.  He  alfo 
fays  it  has  been  of  excellent  ufe  in  bringing 
to  a  fuppuration,  or  in  difperfing  without  fup- 
puration^  obftinate  fwellings  of  various  kinds, 
even  thofe  that  were  fcrophulous.  In  his 
hands  it  cured  the  falling  ficknefs,  and  feve- 
ral  kinds  of  fits,  though  the  patients  had  been 
fubje^  to  them  for  many  years  ;  and  one  cure 
he  mentions  of  a  hemiplegiat.  Laftly,  he 
relates  a  well  attefted  cafe,  from  Mr,  Floyer, 
furgeon  at  Dorchefter,  of  a  complete  cure  of 
what  feemed  to  be  a  gutta*ferena.  The  fame 
Mr.  Floyer,  he  alfo  fays,  cured  with  it  two 
young  women  of  obftruflions,  one  of  whom, 
had  taken  medicines  a  year  to  no  purpofe  %, 

In  the  rheumatifm,  Mr.  Lovet  candidly 
confefTes,  it  has  failed ;  but  he  fays  it  was  fel- 
dom in  the  cafe  of  young  perfons,  if  they 
were  taken  in  time. 

The  manner  in  which  eleflricity  operated 
.  in  thefe  cures,  Mr.  Lovet  imagined  to  be,  by 
removing  fecret  obflnn3.ions,  which  are  pro- 
bably-the  caufe  of  thofe  diforders.  In  all  his 
praifiice  he  never  knew  an  inflance  of  harm, 
being  done  by  it,  and  thinks  that,  in  all  the 
cafes  in  which  it  has  done  harm,  the  manner 

*  Lovet's  Eflay,  p.  7£.  t  Ibid.  p.  loi. 

I  Ibid.  p.  119. 
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of  adminiftering  it  has  been  injudicious.  In 
general,  he  thinks  the  ihocks  have  been  made 
too  great.  This  he  imagined  to  have  been  the 
cafe  of  the  patient  before  mentioned  of  Dr. 
Hart,  who  v?as  made  more  paralytic  by  elec- 
tric fhocks.  Mr.  Lovet  advifes  to  begin,  in 
general,  with  fimple  eleftrification,  efpecially 
in  hyfterical  cafes  j  then  to  proceed  to  taking 
fparks,  and  laftly  to  giving  moderate  Ihpcks, 
but  hardly  erer  any  that  are  violent,  or 
painful. 

The  account  of  the  application  of  eledri- 
city  by  Dr.  Zetzel  of  Upfal,  which  may  be 
feen  in  Mr.  Lovet's  treatif^,  agrees  in  the 
main  with  the  refult  of  his  own  practice ;  and 
where  there  is  any  difference  between  them, 
Mr.  Lovet  thinks  there  are  evident  marks  of 
unfairnefs  in  the  Swedifli  account.  And  a 
fubfequent  account  from  Sweden  mentions  fe- 
veral  cures  being  made  in  thofe  very  cafes,  in 
which  Dr.  Zetzel  fays  that  no  relief  was  to  be 
had  from  eledricity. 

The  Rev.  Mr.  J.  iVefley  has  followed  Mr. 
Lovet  in  the  fame  ufeful  courfe  of  medical 
eleftricity,  add  recommends  the  ufe  of  it  to 
his  numerous  followers,  and  to  all  people- 
Happy  it  is,  when  an  afcendency  over  the 
minds  of  men  is  employed  to  purpofes  favour- 
"able  to  the  increafe  of  knowledge,  and  to  the 
beft  interefts  of  mankind.  Mr.  Wefley's  ac- 
count of  cures  performed  by  eleflricity  agrees 
■very  well  with  that  of  Mr.  Lovet,  whom  he 
often  quotes.  He  adds,  that  he  has  fcarce 
ever  known  an  infUnce  in  which  fhocks  all 
I i  2  over 
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over  the  body  have  failed  to  cure  a  quotidian 
or  tertian  affue  *.  '  Me  mentions  cafes  of 
bUndnefs  cured  or  relieved  by  it ;  and  lays 
that  he  has  known  hearing  given  by  it  to  a 
man  that  was  born  deaf-f-.  He  mentions 
cures  in  cafes  of  bruifes,  running  fores,  the 
dropfy,  gravel  in  the  kidnies  (caufing  the  pa- 
tient to  part  with  it)  a  palfy  in  the  tongue,  and 
laftly  in  the  genuine  confumption.  But  Mr. 
Bolfler  fays  it  is  of  diflervice  in  phthifical 
complaints  J. 

Mr.  Wesley  candidly  fays,  he  has  not 
known  any  inftance  of  the  cure  of  an  hemi- 
plegia ;  and  though  many  paralytics  have  been 
helped  by  eledricity,  he  fcarcely  thinks  that 
any  palfy  of  a  year's  Handing  has  been 
thoroughly  cured  by  it.  He  aflerts,  how- 
ever, that  he  has  never  yet  known  any  per- 
fon,  man,  woman,  or  child,  fick  or  well,  who 
has  found  (what  Mr.  Wilfon  fays,  that  fome 
perfons  complained  of)  an  unufual  pain  fome 
days  after  the  ihock.  Mr.  Wefley  had  only 
known  tliat  the  rheumatic  pains,  which  were 
afterwards  perfectly  cured,  had  increafed  on 
the  firft  or  fecond  application  §. 

IVi''.  Wr.sLEY  directs  the  fame  method  of 
adminiftration  with  Mr.  Lovet.  In  deep 
hyfterical  cafes,  he  advlfes  that  the  patients 
be  fimpiy  electrified,  fitting  oncakesof  rolin, 
at  lead  half  an  hour  morning  and   evening  ; 

•  Wedy't  DefiJeratutn,  p.  5.     .  t  ^bid.  p.  48. 

t  CatmichasI  Tentamen   inaugorale  medicum  (te  Paralyfii 
p.  34.  ex  AQ.  Upr. 
{  VfcUey't  Deiideratum,  p.  50, 
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when,  after  fome  time,  fmall  fparks  may  be 
taken  from  them,  and  afterwards  ftiocks  given 
to  them,  more  or  lefs  ftrong,  as  their  diforder 
requires ;  which,  he  fays,  has  feldom  failed 
tjf  the  defired  effeft  *.  ' 

This  account  of  the  medical  ufe  of  elec- 
tricity by  Mr  Lovet  and  Mr.  Wefley  is  cer- 
tainly liable  to  an  objeftion,  which  will  al- 
ways lie  againft  the  accounts  of  thofe  perfons 
who,  not  being  of  the  faculty,  cannot  be  fup- 
pofed  capable  of  diftinguifhing  with  accuracy 
eitlier  the  nature  of  the  diforders,  or  the  con- 
fequences  of  a  feeming  cure.  But,  on  the 
other  hand,  this  very  circumftance  of  their 
ignorance  of  the  nature  of  diforders,  and  con- 
fequentiy  of  the  beft  method  of  applying'elec- 
tricity  to  them,  fuppUes  the  ftrongeft  argu- 
ment in -favour  of  its  innocence  at  leaft.  If  in 
fuch  unlkilful  hands  it  has  produced  fo  much 
good,  and  fo  little  harm  ;  how  much  more' 
good,  and  how  much  lefs  harm  would  it 
probably  have  produced  in  more  {kiiful 
hands. 

But  whatever  weight  there  be  in  this  ob- 
je(5tion  againft  the  laft  mentioned  writers,  it 
certainly  cannot  be  urged  againll  Antonius  de 
Haen,  one  of  the  moft  eminent  phyfician'i  of 
the  prefent  age;  who,  after  fix  years  unin- 
terrupted ufe  of  it,  reckons  it  among  the  moft 
valuable  affiftances  of  "the  medical  art;  and 
exprefsly  fays,  that  though  it  has  often  been 
applied  in  vain,  it  has  often  afforded  relief 

•  Wefley's  Defideratum,  p.  56, 
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where  no  other  application  would  have  bcea  ■ 
efFefliual.     But  I  ihall  recite  in  a  fummary 
manner,  from  his'  Ratio  Medendi-,  the  refult 
of  all  his  obfervations  on  this  fubjeft. 

With  refpe<3:  to  partial  palfies,  in  particu- 
lar, he  fays,  it  never  did  the  lead  harm ;  that 
one  or  two  perfons  who  had  received  no  be- 
nefit from  it  in  fix  intire  months,  were  yet 
much  relieved  by  perfevering  in  the  ufe  of  it. 
That  fome  perfons  difcontinuing  it,  after  hav- 
ing received  fome  benefit,  relapfed  again ;  but 
afterwards,  by  recurring  to  the  ufe  of  ele^ri- 
city,  recovered,  though  more  flowly  than  be-; 
fore.  Some  perfons,  he  fays,  were  relieved 
who  had  been  paralytic  one,  three,  fix,  nine, 
and  twelve  years,  and  fome  longer ;  but  that 
in  one  or  two  of  thefe  cafes,  the  patients  had 
received  lefs  relief,  and  more  flowly  than  was 
ufual  in  recent  cafes.  In  fome  cafes,  he  fays, 
a  moft  unexpeded  benefit  had  been  found  by 
thofe  who  had  been  paralytic  in  their  tongues, 
eyes,  fingers,  and  other  particular  limbs.  A 
paralyfis  and  trembling  of  the  limbs,  from 
whatever  caufe  it  arofe,  he  fays,  never  failed 
to  be  relieved  by  it ;  and.  he  relates  one  in- 
ftance  of  a  perfect  cure  being  performed  in  a 
remarkable  cafe  of  this  nature,  after  receiving 
ten  Shocks  *. 

De  Haen's  cuftom  was  to  apply  the  opera- 
tion for  half  an  hour  together  at  leaft.  He 
feems  to  have  ufed  gentle  fliock's,  and  he 
joined  to  eleftricity,  the  ufe  of  other  remedies, 

'  Ratio  Medendl,  Vol.  i.  p.  334,  199. 
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*hich,  however,  would  not  have  been  effedual 
withdUt  it  *.      ' 

St.  Vitos*8  dance,  he  fays,  never  failed 
to  be  cured  by  eledricity  t«  '  He  always  ob^ 
ferved  it  to  promote  a  more  copious  difcharge 
of  the  menfes,  and  to  relieve  in  cafes  of  ob- 
ftruAion;  but,  for  this  reafon,  he  advifes 
that  it  be  not  adminiflered  to  women  with 
child.  He  found  it  of  ufe  in  fome  cales  of 
deafnefs,  but  it  entirely  failed  in  its  applica- 
tion to  a  gutta  ferena,  and  to  a  ftrumous 
neck  $. 

Lastlv,  he  relates  a  remarkable  cafe, 
communicated  to  him  by  Mr.  Vclfe  at  the 
Hague,  of  the  cure  of  a  mucous  apoplexy  §. 

To  the  cafes  which  have  been  mentioned 
occafionally,  in  which  harm  may  be  appre- 
hended from  ele^rification,  may  perhaps  be 
added  the  venereal  difeafe  in  which  Mr,  Ve- 
ratti  advifes,  that  ele£fcrification  be>  by  aM 
means  avoided  H- 

I  SHALL  conclude  this  account  of  medical 
cleiSricity  with  obferving,  that  there  are  two 
general  effects  of  eledtricity  on  the  human 
body,  of  which,  it  Ihould  feem,  that  phyfi- 
cians  might  greatly  avail  themfelves.  Theft 
are,  that  it  promotes  infenfible  perfpirationi 
and  glandular  fecretion.  The  former  is  ef- 
feded  by  fimple  ele^ification,  and  the  latteir 

*  Ritio  Medendi,  V«I.  j.  p,  3,«.  f  Ibid.  p.  tSg. 

J  ibid.  Vol.  ii.  p.  300.  5  Ibid.  ^ 

II  CariDLclucI  Tentunco,  p.  34. 
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by  taking  fparks  from  theglands,  or  the  part» 
contiguous  to  them ;  on  which  it  adis  like  a 
ftimulus.  Of  the  former,~inftances  have  beea 
produced  in  the  experiments  of  the  Abbe  Nol- 
let,  and  a  few  have  been  given  occafionally  of 
the  latter. 

To  thefe  I  fliall  now  add,  that  Linnseus  ob- 
ferved,  that  when  eledric  fparks  have  been 
drawn  from  the  ear,  it  has  inftantly  promoted 
a  more  copious  fecretion  of  ear-wax  j  and  that 
it  has  alfo  been  obferved,  that,  when  the  eye, 
or  the  parts  about  the  eye,  have  been  eleftri- 
ficd,  the  tears  have  flowed  copioufly.  But 
the  moft  remarkable  cafe  that  I  have  met  with, 
is,  of  its  promoting  the  fecretion  of  that  mat- 
ter which  forms  the  hairj  whereby  hair  has 
been  actually  reflored  to  a  part  that  had  long 
been  bald«. 

Hitherto  ele<3:ricity  has  been  generally 
applied  to  the  human  body  either  in  the 
method  of  drawing  fparks,  as  it  is  called, 
or  of  giving  fhocks  But  thefe  operations 
are  both  violent,  and  though  the  ftrong  con- 
cuffion  may  fuit  fonie  cafes,  it  may  be  of 
diflervicc  in  others,  where  a  moderate  fim- 
ple  ele<axification  might  have  been  of  fer- 
vice. 

The  great  objeftion  to  this  method  is 
the  tedioufnefs  and  expence  of  the  applica- 
tion. But  an  eledlrical  machine  might  be 
contrived  to  go  by  wind  or  water,    and  a 

*  Carjoichael  TenUnen,  p.  33. 
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convenient  room  might  be  annexed  to  it; 
in  which  a  floor  might  be  raifed  upon  elec- 
trics, and  a  perfon  might  fit  down,  read, 
fleep,  or  even  walk  about  during  the  electri- 
fication. It  were  to  be  wifhed,  that  feme 
phyfician  of  underftanding  and  fpirit  would 
provide  himfelf  with  fijch  a  machine  and 
foom.  No  harm  could  poflibly  be  appre- 
hended from  eledricity,  applied  in  this 
gentle  and  infenfible  manner,  and  good 
effcds  are,  at  leaft,  poffible,  if  not  high- 
ly probable.  It  would  certainly  be  more 
for  the  honour  of  the  faculty,  that  the  prac- 
tice ihould  be  introduced  in  this  manner,  than 
that  it  be  left  to  fomc  rich  Valetudinarian, 
who  may  take  it  into  his  head,  that  fuch  an 
operation  may  be  of  fervice  to  him. 
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SECTION      XV- 

MlSCELLANEOUS    EXPERIMENTS     AND     DIS  " 
COVERIES  MADE  WITHIN  THIS  PERIOD. 

HAVING  diftributed  into  diftina  feaion» 
all  the  iubjeds,  under  which  1  had  col- 
leded  materials  enow  to  form  ».  feparate  ac- 
count ;  I  have  referved  for  the  laft  place, 
thofe  fmaller  artidesj  which  could  neither 
■with  propriety  be  introduced  under  the  former 
heads,  nor  were  large  enough  ito  make  a  fec- 
tion  themfelvcs. 

It  has  been  a  great  controrcrfy  among 
cledricians,  whether  glafs  be  perm«AIe  to 
the  eledric  fluid.  Mr.  Wilfon  appeared  in 
favour  of  the  permeability,  and,  in  a  paper 
read  at  the  Royal  Society,  December  the  6th, 
3759,  produced  the  following  experiments  to 
fupport  his  opinion ;  notwithftanding  he,  even 
afterwards,  acknowledged,  in  a  paper  read  at 
the  Royal  Society,  November  the  13th,  1760; 
that,  in  the  Leyden  experiment,  Dr.  Franklia 
had  proved  that  the  fluid  did  not  go  through 
the  glafs  •. 

He  took  a  very  large  pane  of  glafs,  a  little 
warmed  ;  and  holding  it  upright  by  one  edge, 
while  the  oppofite  edge  refted  upon  wax, 
he  rubbed  the  middle  part  of  the  furface 

"  FhiL  Trsnr.  Vol.  li.  pt.  ii.  p.  896. 
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with  his  finger,  and  found  both  fides  elec- 
trified plus  *. 

Upon  this  I  cannot  help  obfcrving  that  it 
ought  to  be  fo  on  Dr.  Franklin's  principles. 
If  one  fide  be  rubbed  by  the  finger,  it  ac- 
quires from  the  finger  fome  of  the  elc^ric 
fluid.     This,  being  fpread  on  the  glafs  as  far 
as  the  rubbing  extended,  repels  an  equal  quan- 
tity of  that  contained  in  the  other  fide  of  tlje 
glafs,  and  drives  it  out  on  that  fide,  where  it 
ftands  as  an  atmofphere,  fo  that  both  fides  are 
found  plus.    If  the  unrubbed  fide  were  in 
contact  with  a  cohdu£tor  communicating  with 
the  earth,  the  eledric  fluid  would  be  carried 
away,  and  then  that  fide  would  be  left  appa- 
rently in  the  natural  ftate.    If  the  eleftric  fluid 
found  on  the  unrubbed  fide  was  really  part  of 
that  which   had  been  communicated  by  and 
from  the  finger,  and  fo  had  aflually  permeated^ 
the  glafs,    it  might,  when  conduced   away, 
be  continually  replaced  by  frefli  permeating 
fluid  communicated  in  the  fame  manner  :  But 
if  the  effect  is  continually  diminiihing,  while 
the  fuppofed  caufe,  repeated,  continues  the 
fame,  there  feems  reafon  to  doubt  the  fup- 
pofed relation  between  that    caufe  and   the 
effefl.     For    it  appears  difficult  to  conceive 
how  fome  eledric  fluid,  having  pafled  through 
a  permeable  body,  fliould  make  it  more  diffi- 
cult for    other  particles  of  the  fame  eledric 
fluid  to  follow,  till,  at  length,  none  could  pafs 
at  all. 

•  Phil.  Traof.  Vol.  li.  pt.  i.  p.  314. 
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Mr.  Wilson  alfo  fays,  that,  holding 'the 
fame  pane  of  glafs  within  two  feet  of  the 
prime  conduiaor,  which  was  eledritied  plusy 
that  part  of  the  glafs  which  was  oppofite  to 
the  conductor  became  elcftrified  minus  on  both 
fides  J  but,  in  a  few  minutes,  the  mimu  elec- 
tricity difappeared,  and  the  plus  continuing, 
diffufed  itfelf  into  the  place  of  the  other, 
fo  that  now  the  whole  was  electrified  plus. 

The  experiment  fcfar  fucceeding,  induced 
him  to  make  ufe  of  a  tefs  piece  of  glafs,  that 
the  whole  might  be  eleiStrified  minus,  Thefe 
advances,  he  fays,  led  him  to  obferve  the 
power  of  electrifying  that  fmall  piece  of  glafs 
at  different  diftances. 

He  cxpofed  the  fame  fmall  piece  of  glafs  to 
the  prime  conduftor,  at  the  diftance  of  two  feet, 
and  obfer  ved  a  minus  electricity  at  both  furfaces. 

As  he  moved  the  glafs  nearer,  to  a  certain 
diftance,  it  was  more  fenfibly  eleCtrified 
minus ;  and  after  that,  on  moving  it  ftill 
nearer,  the  minus  appearance  was  lefs  and  iefs 
fenfible;  till  it  came  within  the  diftance  of 
about  one  inch,  and  then  it  was  tie^^nficA  plus 
on  both  fides. 

,  This  plus  eleClricity  in  the  glafs,  he  found, 
might  be  changed  to  a  minus  again,  by  re- 
moving the  glafs,  and  holding  it  for  a  time 
at  a  greater  diftance;  which  he  thought  to  be 
a  proof  of  the  repulfive  power  of  that  fluid  *. 
,  Having  by  him  a  pane  of  glafs,  one  fide 
of  which  was  rough  and  the  other  fmooth,  he 

»>  Phil.  Trtnf,  Vol.  li.  pt.i.  p.  ^aS. 
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rubbed  it  flightly  on  one  fide;  upon  doing 
which,  both  fides  were  electrified  minus. 

On  this  I  muft  alfo  take  the  liberty  to  ob- 
ferve  that,  as  the  eleSric  fluid  contained  in 
glafs  in  its  natural  fiate,  is  kept  equal  in.  both 
iides  by, the  common  repulfion;  if  the  quan- 
tity in  one  fide  is  diminilhed,  the  fluid  in  the 
other  fide,  being  lefs  repelled,  retires  inward> 
and  leaves  that  fiifface  alfo  minus. 

Slight  changes,  plus  or  minus.,  may  be 
made  in  either  furface,  that  haVe  not  ftrength 
to  3.&.  on  the  other  fide,  by  repulfion,  or  by 
abating  repulfion,  through  the  glafs ;  and  fo 
plus  eleftricity  may  be  given  to  one  furface, 
and  minus  to  the  other  in  fome  degree.  Both 
fides  may  alfo  be  made  plus,  and  both  minus, 
by  i-ubbing,  or  by  communication,  without 
any  neceflity  of  fuppofing  the  ^zh  permeable. 

And  yet  it  is  probable  that  fome  glafs, 
from  having  a  greater  mixture  of  non-eie£tric 
matters  in  its  compofition,  may  be  permeable, 
when  cold,  in  fome  fmall  degree,  as  all  glafs  is 
found  to  be  when  warmed. 

Mr.  Wilson  treated  the  oth^r  fide  of  this 
pane  of  glafs-  in  the  fame  manner,  after  which 
the  minus  electricity  was  changed  into  a  plus 
on  both  fides. 

Though  Dr.  Franklin  was  of  opinion,  that 
glafs  when  cold  is  not  permeable  to  eleftriciiy, 
he  had  made  no  experiments  upon  it  when 
hot;  but  Mr.  Kinncrfley,  a  friend  of  his, 
made  one,  which  feemed  to  prove,  that  it  was 
very  differently  afl^e£ted  in  this  refpeit,  in  the 
different  ilates  of  hut  and  cold.     He  found, 

that 
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that  a  coated  Florence  flalk  (made  of  veiy 
thin  glafs,  dnd  full  of  air  bubbles)  containing 
boiling  water,  could  not  be  clearified.  The 
ele^icity,  he  fays,  paffed  as  readily  through 
it  as  through  metal.  The  charge  of  a  three 
pint  bottle  went  freely^  through  it,  without  in- 
juring the  flafk  in  the  leaft.  When  it  be- 
came cold,  he  could  charge  it  as  before.  This 
effed  he  attributed  to  the  dilatation  of  the 
pores  of  glafs  by  heat  *. 

All  Mr.  Wilfon*8  experiments  to  prove 
the  permeability  of  glafs  were  repeated  by 
Mr.  Bergman  of  Upfal ;  and,  as  he  fays,  with 
fuccefs  t* 

Mr.  ^piNus,  however,  was  by  no  means 
latisfied  with  Mr.  Wilfon's  experiments  con»- 
cerning  the  permeability  of  glafs ;  and  yet  he 
brings  no  other  faj^  in  anfwer  to  his  argu- 
ments, but  a  very  common  one,  which  fhows 
that  a  glafs  tube  both  receives  and  lofes  its 
eledricity  very  flywly  j  fo  that  he  only  afferts 
a  difficulty^  and  AjhwneJ's  in  the  eledric  fluid 
pafling  through  ele^ric  fubftances,  as  was 
mentioned  before ;  and  confequently  Mr. 
Wilfon  feems  to  have  an  advantage  in  the 
controverfy  :  for,  as  he  fays,  pafling  through, 
though  ever  fo  flowly,  is  a  real  pafling 
through  %. 

Mr.  ^PiNtrs  has  ihown,  -by  a  curious  ex- 
periment, that  though  a  metallic  condudlor 
and  a  cork  ball  be  both  eleftrified  pofitivcly* 

•  Phil.  Tranf.  Vol.  liii.  pt.  i.  p.  85. 
f  Ibid.  Vol.  lii.  pt.  ii.  p.  4*5. 
t  IW,  V<rf.  liii.  p.  44i.- 
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fo  as  to  repel  one  another ;  yet,  that,  if  the 
ball  be  forcibly  brought  within  two,  three,  or 
four  lines  of  the  condnftor,  it  will  be  attract-  v 
ed  by  it ;  and  that  it  will  be  repelled  again,  if 
it  be  forcibly  puflied  beyond  that  limit  of  at- 
tra<aion.  If  the  ball  be  confined  to  move 
within  the  fame  fmall  diftance,  a  moderate 
electrification  of  the  condu^or  will  repel  the 
ball  to  it8  utmoft  limit ;  but  a  ftronger  elec- 
trification of  the  condudor  will  caufc  it  to  be 
attradled.  He,  therefore,  limits  the  general 
maxim,  that  bodies  poUelling  the  fame  kind 
of  eleflricity  repel  one  another ;  and  aflerts, 
that  this  will  be  the  cafe,  only  when  the  quan- 
tity of  eleftric  fluid  belonging  to  them  both, 
as  one  body  is  greater,  or  Icfs  tha^  that  which 
is  natural  to  them*.  This  experiment  de- 
ferves  particular  attention. 

StGNioR  BF.CCARIA,  who  has  contributed 
fo  largely  to  feveral  former  fedions  in  this  pe- 
riod, fumifhes  a  few  articles  which  well  de- 
ferve  a  place  in  this. 

JIe  thought  it  was  evident,  that  ,the  elec- 
tric fluid  tended  to  move  in  a  right  line,  be- 
caufe  a  longer  fpark  may  be  taken  in  a  dited. 
line,  from  the  end  of  a  long  condUtftor,  than 
can  be  taken  from  the  fame  place  in  any  other 
direftion.  But  he  thought  it  was  ftill  more 
evident,  from  obferving,  both  in  the  air,  and 
in  vacuo;  that,  prefentlng  the  finger,  or  a 
brafs  ball,  at  a  proper  diftance,  and  in  a  cer- 
tain angle  with  the  condudor  (which  experi?- 

*  jEpini  Tentameo,  p,  146, 
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ence  will  foon  find)  the  eleii:ric  fparfc  will 
make  an  exaS  curve,  to  which  the  conductor 
produced  will  be  a  tangent :  as  if  the  elec- 
tric matter  was  aficd  upon  by  two  different 
fprccB,  one  its  own  acquired  velocity,  urging 
it  forward  in  a  right  line ;  the  other  the  attrac- 
tion of  the  body  prefented  to  it,  which  throwj 
it  out  of  the  right  line  *. 

In  his  obfervations  on  pointed  bodies,  he 
fays,  that  two  pointed  bodies,  equally  fharp, 
in  their  approach  to  an  eledrified  condudor* 
will  appear  luminous  only  at  half  the  dif-> 
tance  at  which  one  of  them  would  have 
done  f. 

The  fame  ingenious  philofopher  reports  i 
curious,  but  cruel  experiment  which  he  made 
on  a  live  cock.  He  detached  the  belly  of  one 
of  the  mufcles  from  the  thigh  of  the  animal, 
leaving  the  extremities  in  their  proper  infcr- 
tions,  and  then  difcharging  a  ftiock  through 
it.  At  the  inftant  of  the  ftroke,  the  leg  was 
violently  diftcndedj  and  the  mufcle  greatly 
inflated ;  the  motion  beginning  at  the  tendon, 
and  the  extenfion  of  it  refcmbling  the  open- 
ing of  a  lady's  fan.  No  pricking  with  a  pin 
could  make  it  a.£t  fo  flrongly  J. 

I  MUST  not  omit  to  mention,  in  this  chap- 
ter of  mifcellaneous  experiments,  what  the 
Dutch  writers  have  reported  concerning  the 
gymnotus,  a  fifh  peculiar  to  Surinam,  which 
very  much  refembles  what  naturalifts  relate 
concerning  the  torpedo,    Mr.  Mufchenbroeck 

*  ElMtricifmo  artificUle,  p.  j6.  f  Ibid.  p.  f  7. 

I  Leitereddl'cJettricifino,  p.  129. 
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fays,  the  gymnotus  is  poffefled  of  a  kind  of 
natural  cledricity,  but  different  from  the  com- 
mon cleitricity,  in  that  perfons  who  touch  it 
in  water  are  ihocked,  and  ftunned  by  it,  fo 
as  to  be  in  danger  of  drowning.  The  fifli, 
has  been  taken,  and  put  into  a  veffel ;  when 
experiments  were  made  upon  it  at  leifure; 
and  it  was  found,  that  it  might  be  touched 
with  all  fafety  with  a  ftick  of  fealing-wax; 
but  if  it  was  touched  with  the  naked  finger, 
or  with  a  piece  of  metal,  and  efpecially  a  gold 
ring,  held  in  the  fingers,  the  arm  was  ihock- 
ed  as  high  as  the  elbow.  If  it  was  touch- 
ed with  the  foot,  the  fenfation  reached  as  high 
as  the  knee,  and  the  pain  was  as  great  as 
if  the  part  had  been  ftruck  with  fomething 
hard.  This  kind  of  electricity  is  the  fame  by 
night  or  by  day,  when  the  wind  is  in  every 
direction,  when  the  fiih  was  put  in  veiTels 
of  any  materials,  and  vPhether  it  was  in  wa- 
ter or  out  of  water.  Every  part  of*the  body 
of  the  fifli  is  capable  of  giving  this  fhock, 
but  more  efpecially  the  tail.  The  fenfation 
is  the  ftrongeft  when  the  fifti  is  in  motion, 
and  it  is  tranfmitted  to  a  great  diftance;  fo 
that  if  perfons  in  a  fhip  happen  to  dip  their 
fingers  or  feet  in  the  fea,'wheti  the  fiih  is 
fwimming  at  the  diftance  of  fifteen  feet 
from  them  they  are  affefted  by  it.  Other 
fifhes,  put  into  the  fame  veffel  with  it,  pre- 
fently  died;  but  it  is  itfelf  killed  by  the 
Ibbffer.  The  gymnotus  is  found  in  the  upper 
part  of  the  rivef  of  Surinam,  particularly  the 
K  k        .  '  rocky 
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rocky  part  of  it.  It  feeds  upon  all  kinds  of 
fiQxy  and  will  even  eat  bread,  lliis  author 
propofes  as  a  query  whether  the  fenfation  com- 
municated by  the  torpedo  does  not  depend 
jipoa  a  fimilar  eleflricity ;  fioce  Moniieur 
Reaumur  fays,  that  when  it  is  touched,  the 
hand,  arm,  and  flioulder  are  feized  with  a 
fudden  ftupor,  which  lafts  for  fome  time ;  and 
is  unlike  any  other  fenfation  *. 

This  gymnotus,  I  fuppofe,  is  a  different 
fiih  from  the  j^nguille  tremhlante,  the  trembling 
eely  which  is  alio  a  native  of  Surinam,  and 
lives  in  marfliy  places,  from  whence  it  can* 
not  be  drawn,  except  when  it  is  intoxicat* 
ed..  It  cannot  be  touched  with  the  hand, 
or  with  a  ftick,  without  feeling  a  terrible 
ftun,  which  reaches  as  high  as  the  Ihoulder. 
If  it  be  trod  upon  with  flioes,  the  legs  and 
thighs  are  affeded  in  a  fimilar  manner.  Four^ 
teen  perfons  joining  hands,  and  the  firft  of 
thenr  touching  it  with  a  ilick,  they  were  all 
ihocked  violently.  It  is  conjedtured  that  this 
power  of  giving^ihockrefides  in  two  mufcles, 
which  are  particidarly  prominent  and  confpi- 

fUOUS  t> 

It"  is  to  be  regretted,  that  none  of  the  per- 
fons  who  have  made  experiments  on  thcle 
^fhes  ihould  have  endeavoured  to  afcertain 
whether  they  were  capable  of  exhibiting  the 
phenomena  of  9ttra<t^ion  and  repullion,  or 

^  MufcbcQbroeck'i  Introd.  ad  philofopb.  naiDraleai,  No. 
pfl— 909- 
'  t  P.  Fermia's  ^at.  HtA.  of  Sunoam,  p.  59. 
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the  appearance  of  eleiflric  light,  as  experi- 
ments of  this  kind  are  of  principal  confe- 
quence,  «nd  muft  have  been  very  eafy  to 
make. 

Mr.  Hamiltonj  profeflbr  of  Philofophjr 
Kt  the  univerfity  of  Dublin,  made  a  curious 
experiment  with  a  wire,  five  or  fix  inches  long, 
finely  pointed  at  each  end.  To  the  middle 
of  this  wire  he  fitted  a  brafs  cap,  which  reft* 
cd  on  the  point  of  a  needle  communicating 
with  the  conduQor.  Half  an  inch  at  each 
extremity  of  this  wire  he  bent,  in  oppofite 
direftions,  perpendicular  to  the  reft  of  the 
wire,  and  in  the  plane  of  the  horizon.  The 
confequence  of  electrifying  this  apparatus 
was,  that  the  wire  would  turn  round  with 
very  great  velocity  ;  moving,  as  he  fays,  al- 
ways in  a  direction  contrary  to  that  in  which 
the  electric  fluid  i/Tues  from  its  point,  with- 
out having  any  conducing  fubftance  near  it, 
except  the  air.  He  alfo  obfervcs,  that  if  this 
wire  were  made  to  turn  the  contrary  way,  it 
Would  flop,  and  turn  as  before  *. 

The  fame  experiment  was  alfo  made  by 
Mr.  Kinnerfley  of  Bofton,  with  this  addition, 
that  he  electrified  the  wire  negatively ;  and 
obferved,  to  his  great  furprize,  that  it  ftill 
turned .  the  fame  way.  This  he  endeavoured 
to  account  for  by  fuppofing  that,  in  the  former 
cafe,  the  points,  havirig  more  eleflricity  than 

*  Phil.  Traot  Vol.  li.  pt.  ii.  p.  905. 

K  k  2  the 


500  MISCELLANEOUS.  &c. 

the  air,  were  attraded  by  it ;  in  the  latter  cafe, 
the  air,  having  more  than  the  points,  was  at- 
traifled  by  them  *. 

It  may,  by  feme,  be  thought  that  this 
pointeJ  wire  turning  the  fame  way,  whether 
it  be  eleftrified  negatively  or  politively,  is  a 
proof  that  the  eledric  fluid  iffues  out  at  the 
points  in  both  cafes  alike,  and  by  the  reat^lion 
of  the  air  is,  together  with  the  points,  driven 
backwards;  contrary  to  what  ought  to  have 
been  the  cafe  if  the  electric  fluid  had  really 
iflued  out  of  the  point  in  one  cafe,  and  en- 
tered it  in  the  other.  But  it  will  be  found 
by  experiment,  that  an  eolipile,  with  its  ftem 
bent  like  the  wire  above  mentioned,  and  fuf- 
pended  on  its  center  .of  gravity  by  a  fine 
thread,  will  move  in  the  fame  direction, 
whether  it  be  throwing  fteam  out  at  the  ori- 
fice ;  or,  after  it  is  exhaufted,  and  cooling,  it 
be  drawing  the  air  or  water  in. 

With  refped  to  the  power  of  points,  it  has 
been  obferved  by  Mr.  Villette  of  Liege,  that 
a  needle,  concealed  in  a  glafs  tube,  which 
projeiled  an  inch  beyond  it,  takes  a  ftronger 
fpark  from  a  prime  condudlor  than  a  man*s 
finger ;  alfo  that  when  the  points  of  needles 
are  covered  with  tallow,  bees-wax,  fulphur, 
&c.  they  take  peculiarly  ftrong  fparks.  He 
adds,  that,  when  fulphur  is  ufed,  and  the 
fparks  are  taken  obliquely,  they  are  fometimes 
of  a  beautiful  citron  colour  f . 


■  Phil  Tranf.  Vol.  liii.  pt.  i.  p.  86. 
f  Nollei'a  Lctceri,  Vol.  Ui.  p.  112. 
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Mr.  Lullin  has  made  an  additional  ob- 
fervationtoMonfieur  duFay's,  concerning  the 
different  manner  in  which  conducting  and 
non-condu<£ting  fubitances  are  affedied*  whpa 
they  are  expofed  to  the  dew.  He  fays,  that 
if  a  ptate  of  glafs  be  extended  upon  (ilken 
threads,  and  expofed  to  the  open  air  all  night, 
and  a  plate  of  metal,  lefs  than  the  glafs,  be 
laid  upon  it,  in  the  morning,  the  metal  will  be 
dry,  and  likewife  the  glafs,  on  both  (ides* 
cxadly  under  the  metal ;  but  that  the  edges 
of  the  glafs,  where  the  metal  did  not  reach,  will 
be  wet  on  both  fides  *, 

I  SHALL  clofe  this  fedlion  of  mifcellane- 
ous  articles,  and  the  whole  hiftory  of  eleflri- 
city,  with  a  fuccinft  account  of  feme  of 
the  chief  particulars  in  which  the  analogy  be- 
tween eledricity and  magnetifmconfifts;  very 
nearly  as  it  was  drawti  up,  in  ^n  abridg- 
ment of  Mr.  ^pinus,  and  communicated  to 
me  for  this  purpofe  by  Dr.  Price. 
-  I.  As  a  rod  of  iron  held  near  a  magnet  will 
have  fcveral  fuccelfive  poles ;  fo  will  a  glafs 
tube  touched  by  an  excited'  tube  have  a  fuc- 
ceflion  of  pofitive  and  negative  parts. 

2.  Bodies  pofitively  and  negatively  eleilriT 
■  cal,  when  in    contact,  will  unite  to  one  an- 
other ;  as  will  magnets,  when  they  are  laid 
with  their  oppofite  poles  to  one  another. 

•  Nollet'i  Letten,  Vol.  iJt.    p.  54. 
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3.  Glass  is  a  fubftance  of  a  nature  fimilaf 
to  hardtntd  fteel.  The  pofitive  and  negative 
fides  df  the  former  anfwcr  to  the  attrading 
and  repcUing  ends  of  the  latter,  when  magne- 
tical. 

'4,  As  k  is  difficult  to  move  the  eleflric  fluid 
in  the  pores  of  the  former;  ib,  likewifc,  it 
is  difficult  to  move  the  magnetic  fluid  in  the 
pores  of  the  latter. 

5.  A«  there  can  be  no  condenfation  of  the 
eleiSric  fluid  in  the  former,  without  a  rare- 
fai^ign  ;  fo,  in  the  latter,  if  there  be  a  con- 
denfation, ot  pofitive  magnetifm  in  one  end 
of  a  bar,  there  muft  be  ^n  evacuation,  or  ne- 
gative magnetifm  in  the  other  end. 

6;  Steel  correfpoftds  to  ele<9ric8  piy  fe, 
and  iron  in  fome  meafure,  to  condudors  of 
eleftricity. 

7.  Steel  is  le&  fufceptible  of  the  magnetic 
virtue,  .but  vrhen  it  has  acquired  it,  it  retains 
it  more  ftrongly  than  iron;  juft  as  eledrica 
per  fe  wi!l  not  fo  eafily  receive  the  eledtric  fluid* 
but,  when  it  i%  forced  into  them,  will  retain  it 
more  ftrongly  than  condudors. 

8.  Mr.  ^pinus  adds,  and  reckons  it  one 
of  his  difcoveries,  that  an  eleflrified  body  does 
not  aft  on  other  bodies,  except  they  are  them- 
felves  eleftrified;  juft;  as  a  magnet  will  not  adt 
on  any  other  fubftances,  except  they  are  them- 
felvcs  pofleffcd  of  the  magnetic  virtue.  So 
that  an  eledlrified  body  attradb  and  repeb  an- 
other body,  only  in  confequence  of  rendering 
it  firft  of  all  eledrical ;  as  a  magnet  attracts 

iron, 
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iron,    only  in    cpnfequence  <^,    firft  of  all 

making  it  a  magnet. 

9.  Mr,  Canton  has  alfo  found, that  if  the 
tourmalin  be  cut  into  ieveral   pieces,   each 
piece  will  have  a  pofitive  and  negative  fide,  , 
jull  as  the  pieces  of  a  broken  magnet  would 
have. 

Thus  far,  fays  Dr.  Price,  there.is  an  ana-r 
logy,  and,  in  fome  inftanccs,  a  ftrifcing  que, 
between  magnetifm  and  eleftrjcity,  upon  the 
fuppofition  that  the  caufe  of  magnetii'm  is  a 
fluid.  But  there  is  no  magnetic  fubftance 
which  anfwers  perfeiSly  to  the  conductors  of 
eledlricity.  There  is  no  afflux  or  efflux  of  the 
magnetical  fluid  ever  vifible.  The  equilibrium 
in  a  magnet  cannot  be  inftanlaneoufly  reftored, 
by  forming  a  communication  between  theop- 
pofite  ends  with  iron,  as  it  may  in  charge^ 
glafs.  Nor  are  there  any  fubftances  poCtively 
or  negatively  magnetical  only,  as  there  are  , 
bodies  which  are  pofitivclyor  negatively  elec-  ■ 
trical  only. 


END     op    THE    FIRST    VOLUME. 
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